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REVIEW ARTICLE
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ABSTRACT
A compendiu m of carcinogenesi s bioassay results organized by target organ is presented for 738 chemicals that are carcinogenic in chronic-exposure ,
long-term bioassays in at least 1 species. This compendium is based primarily on experiments in rats or mice; results in hamsters, monkeys, and dogs
are also reported. The compendium can be used to identify chemicals that induce tumors at particular sites and to determine whether target sites are
the same for chemicals positive in more than 1 species. The source of information is the Carcinogeni c Potency Database (CPDB), which includes
results of 6073 experiments on 1458 chemicals (positive or negative for carcinogenicity) that have been reported in Technical Reports of the National
Cancer Institute/National Toxicology Program or in papers in the general published literature. The published CPDB includes detailed analyses of each
test and citations. The CPDB is publicly available in several formats (http://potency.berkeley.edu). Chemical carcinogens are reported for 35 different
target organs in rats or mice. Target organs in humans are also summarized for 82 agents that have been evaluated as human carcinogens at a particular
target site by the International Agency for Research on Cancer (IARC). Comparisons are provided of target organs for mutagens versus nonmutagens
and rats versus mice.
Keywords.

Human carcinogen; tumor site; animal cancer test; Carcinogenic Potency Database; species comparisons ; mutagenicity; monkeys.

INTRODUCTION
For many research issues in carcinogenesis, it is valuable
to have quick access to a list of chemicals that have been found
in chronic bioassays to induce tumors at each target site in
various species. Researchers interested in carcinogenesis in a
particular target organ, for example, or epidemiologists interested in a particular cancer in humans, can use such results to
compare species or seek clues in animal models. Comparison
of target sites in several species is possible for work on interspecies extrapolation. Investigations of chemical structure
or mechanism of carcinogenesis at a speci c target site can
identify chemicals that induce tumors in that organ.
This paper presents a compendium of results of chronic,
long-term cancer tests that is organized by the target organ of carcinogenesis (Table 1). Results are presented for
738 chemicals that have been evaluated by the published
author of experimental data as carcinogenic in at least one
experiment in the Carcinogenic Potency Database (CPDB)
(2, 3, 6), http://potency.berkeley.edu/database.html. Results
are organized by each of 35 target sites and within each

site by the chemicals that induce tumors in each species.
The compendium includes results of chronic bioassays in
rats, mice, hamsters, monkeys, and dogs. Comparative toxicological analyses are facilitated by indicating whether a
chemical that is positive at a given site in the rat has been
tested in the mouse, whether results are also positive in
the mouse, and whether the target organs are the same in
the 2 species. By cross-referencing a chemical of interest to
the published plots of the CPDB (2, 3, 6), details of each
experiment can be obtained, including the number of experiments and strains tested as well as the following details
on each experiment: citation of the original published paper,
strain and sex of test animal, route of chemical administration, dose rate, tumor types, tumor incidence, the tumorigenic
potency (TD50 ), statistical signi cance, and author’s opinion.
Target organs in humans are also summarized for 82 agents
that have been evaluated as human carcinogens at a particular
target site by the International Agency for Research on Cancer
(IARC) (10, 15, 16). Comparisons of target organs for mutagens versus nonmutagens, and for rats versus mice are also
provided.

Address correspondenc e to: Lois Swirsky Gold, Mail Stop 946, E. O.
Lawrence Berkeley National Laboratory, Berkeley, California 94720. Fax:
(510) 547-7073. E-mail: lois@potenc y.berkeley.edu

METHODS
The CPDB (2, 3, 6), a systematic and unifying analysis
of chronic, long-term animal cancer tests, is the source of
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results included in the compendium (Table 1). The CPDB
includes 1,381 papers published in the general literature
through 1996 and 430 Technical Reports of the National
Cancer Institute/National Toxicology Program (NCI/NTP)
published through 1998. Results are reported for 6,073 experiments on 1,458 chemicals, of which 738 induce tumors
in 1 or more experiments.
A word of caution is necessary about the limitations of
the CPDB. Only long-term experiments meeting a set of criteria designed to measure tumorigenic dose-rate (TD50 ) are
included; therefore, the CPDB does not cover all cancer tests.
Additionally, for the identi cation of target sites for the compendium, we do not personally evaluate whether a compound
induced tumors at a given site; rather, the opinion of the published author is used. For published opinions that are not
clear, even after personal communication with the published
author, the site is not considered a target and is not reported
in the compendium.
Results of all NCI/NTP Technical Reports are included in
the CPDB except a few, for which no whole body exposure in
mg/kg/day could be calculated because the test agent was a
particulate or the route of administration was dermal (12, 13)
[http://ntp-server.niehs.nih.gov/ ]. In the compendium, a site
is classi ed as a target in an NCI/NTP bioassay if the evaluation in the Technical Report was “carcinogenic,” “clear,”
or “some” evidence of carcinogenic activity. Sites that were
evaluated as “equivocal” are not included (9).
In the general literature, experimental designs as well as
the authors’ choice of information to report are quite diverse,
and bioassays have been included only if they meet all of the
following conditions:
1. Animals on test were mammals.
2. Administration was begun early in life (100 days of age
or less for rats, mice, and hamsters).
3. Route of administration was diet, water, gavage, inhalation, intravenous or intraperitoneal injection (ie, where
the whole body was more likely to have been exposed
rather than only a speci c site, as with subcutaneous injection or skin painting).
4. Test agent was administered alone, rather than in combination with other chemicals.
5. Exposure was chronic, with not more than 7 days between
administrations.
6. Duration of exposure was at least one fourth the standard
life span for that species. For rodents the standard life
span is 2 years.
7. Duration of experiment was at least half the standard life
span for that species.
8. Research design included a concurrent control group.
9. Research design included at least 5 animals per group.
10. Surgical intervention was not performed.
11. Pathology data were reported for the number of animals
with tumors rather than the total number of tumors.
12. Results reported were original data, rather than secondary analyses of experiments already reported by other
authors.
More details on inclusion criteria can be found in Gold
and coworkers (6) and http://potency.berkeley.edu/text/
methods.html.

TOXICOLOGIC PATHOLOGY

Because we have adhered strictly to the standard inclusion criteria, bioassays of particulate or  brous matters are
not in the compendium, eg, asbestos, cigarette smoke, and
dusts. There are no studies using a single administration of
the test agent, no experiments by skin painting, subcutaneous
injection, or in utero exposure, and no cocarcinogenesis experiments. For a series of NCI long-term studies in monkeys,
some of the inclusion rules have been relaxed; details are
reported in Appendix 1 of Gold et al, 1999 (2).
There is great diversity in results for different chemicals
in the CPDB, eg, in the number of times a chemical has been
tested: among the 1,148 chemicals tested in rats, 25% have
only 1 test in the CPDB and 50% have 2 tests; however,
25 chemicals have 10 or more tests. For the 938 chemicals
tested in mice, the parallel numbers are 11% with 1 test, 57%
with 2 tests, and 15 chemicals with more than 10 tests. Of
the 738 carcinogens reported here, 54% (397/738 ) have been
tested in more than 1 species. In the compendium (Table 1),
a target site is identi ed by a positive result in any one experiment in the species; thus, different target sites may be
identi ed from the same or different experiments. Chemicals that are tested more often have a greater chance of  nding multiple target sites. Results on chemicals that have not
been evaluated as carcinogenic are ignored in the target organ compendium (Table 1); however, detailed results of those
experiments are reported in the plot of the CPDB (2, 3, 6);
http://potency.berkeley.edu/.
Guide to the Compendium of Target Organs for 738
Carcinogens
Table 1 reports results on 738 chemicals in the CPDB that
induce tumors in at least 1 of 35 target organs in rats, mice,
hamsters, monkeys, or dogs. The table is organized alphabetically by target site and within each site, by species and
chemical. Our previously unpublished analyses of experimental results that will be published in a forthcoming plot of
the CPDB are included (3).
To facilitate use of the compendium, the features are
described below using the example of adrenal gland, which
is the  rst of 35 target sites in Table 1. Under adrenal gland,
1 chemical is listed in hamsters, 8 in mice, and 16 in rats.
If a chemical name is followed by a superscript (either y
or z), this indicates that the CPDB includes test results in
both rats and mice, for example, under adrenal gland in rats
2-mercaptobenzothiazole but not isomazole, has a superscript. Because isomazole has no superscript, it only has
tests in the CPDB in the species reported, in this case rats.
The superscript y for 2-mercaptobenzothiazole, indicates
that the chemical has been tested in both rats and mice but
induced tumors only in the reported species, in this case rats.
The superscript z for 1,2-dibromo-3-chloropropane (DBCP)
indicates that DBCP is carcinogenic at some target site in
both rats and mice. Although the superscript z does not indicate whether DBCP induced tumors at the same target site in
both rats and mice, this can easily be determined by looking
at mice under adrenal gland for the chemical name DBCP.
Because it is not there, DBCP induced tumors in mice only at
sites other than the adrenal gland. In contrast,
pentachloroanisole z induced adrenal tumors in both species,
beacuse it is listed under that site for both species. By
comparing the chemicals with superscripts listed under each
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Urethanez
Carbon tetrachloridez ; Furanz ; 4,4 -Methylenedianiline.2 HClz ; Pentachloroanisolez ; 2,3,4,5,6-Pentachlorophenol (Dowicide EC-7)y ;
2,3,4,5,6-Pentachlorophenol, technical gradez ; p-Rosaniline.HClz ; 1,1,2-Trichloroethaney
Bromoethanez ; 4-Chloro-m-phenylenediaminez ; Cobalt sulfate heptahydratez ; 1,2-Dibromo-3-chloropropanez ; Diethylstilbestrolz ; Ethyl alcoholy ;
Indolidan; Isomazole; 2-Mercaptobenzothiazoley ; Mirexz ; Pentachloroanisolez ; Phenolphthaleinz ; 1,2-Propylene oxidez ;
C.I. pigment red 3z ; Reserpinez ; Retinol acetate
Acronycine; De azacort; N,N-Dimethylaniliney ; 1-(2-Hydroxyethyl)-1-nitrosoureaz ; o-Toluidine.HClz
Acetaldehyde methylformylhydrazone; Benzenez ; 1,3-Butadienez ; N-n-Butyl-N-formylhydrazine; Dimethylvinyl chloridez ; N-Ethyl-N-formylhydrazine;
Hexanal methylformylhydrazone; 3-Methylbutanal methylformylhydrazone; Pentanal methylformylhydrazone;
N-N -Propyl-N-formylhydrazine; Thio-tepaz
Acrylamide; C.I. direct blue 15; 2,4-Diaminoanisole sulfatez ; 3,3 -Dimethoxybenzidine.2HCl; 3,3 -Dimethylbenzidine.2HClz ; Glu-P-1z ;
Glu-P-2z ; Glycidolz ; IQz ; Isophoroney ; MeIQxz ; 2-Mercaptobenzothiazoley ; Nalidixic acidy ; 1,5-Naphthalenediaminez ; 5-Nitro-o
-anisidinez ; 5-Nitroacenaphthenez ; p-Nitrobenzoic acidy ; 1-Nitropyrene; C.I. acid red 114; 1,2,3-Trichloropropanez ; Trp-P-2 acetatez
Benzenez ; Chloroprenez ; Cupferronz
Acrylonitrile; 3-Amino-9-ethylcarbazole mixturez ; Azoxymethane; Benzenez ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ;
C.I. direct blue 15; N-n-Butyl-N-nitrosourea; Chlorambucilz ; Cupferronz ; N-1-Diacetamido uorene; 2,4-Diaminoanisole sulfatez ;
3,3 -Dichlorobenzidine; 2,5-Dimethoxy-4 -aminostilbenez ; 3,3 -Dimethoxybenzidine.2HCl; 3,3 -Dimethylbenzidine.2HClz ;
N-(2-Fluorenyl)-2,2,2-tri uoroacetamide; Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Glu-P-1z ; Glu-P-2z ; Glycidolz ; Hydrazobenzenez ;
IQz ; IQ.HCl; MeIQxz ; 2-Methoxy-3-aminodibenzofuran; 8-Methoxypsoralen; N-(N-Methyl-N-nitrosocarbamoyl)-l-ornithine; 4,4 -Methylenebis(2-chloroaniline); 5-Nitro-o-anisidinez ; 5-Nitroacenaphthenez ; N-(9-Oxo-2- uorenyl)acetamide; Phenacetinz ; Prednimustine; C.I. acid red 114;
p-Rosaniline.HClz ; Thio-tepaz ; 4,4 -Thiodianilinez ; b -Thioguanine deoxyriboside; 1,2,3-Trichloropropanez ; Vinyl chloridez ; Vinyl  uoridez
AF-2z ; N-Nitroso-N-methylurethane
Benzo(a)pyrenez ; 1,2-Dibromoethanez ; N-Ethyl-N -nitro-N-nitrosoguanidine; N-Hydroxy-2-acetylamino uorenez ;
3-(5-Nitro-2-furyl)-imidazo(1,2-a )pyridinez ; Nitrosodibutylaminez ; N-Nitrosohexamethyleneimine; Vinyl acetatez
N-Nitroso-N-methylureaz
2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bis(2,3-dibromopropyl)phosphate, magnesium salt; N-n-Butyl-N-nitrosourea;
Dihydrosafrolez ; Dimethylvinyl chloridez ; Dinitrosohomopiperazine; Z-Ethyl-O,N,N-azoxyethane; N-Methyl-N -nitro -N-nitrosoguanidinez ;
3-(5-Nitro-2-furyl)-imidazo(1,2-a )pyridinez ; N-Nitroso-2,3-dihydroxypropyl-2-hydroxypropylamine; Nitroso-2,3-dihydroxypropyl-2-oxopropylamine;
N-Nitroso-(2-hydroxypropyl)-(2-hydroxyethyl)amine; N-Nitroso-N-methyl-4- uoroaniline; Nitroso-N-methyl-N-(2-phenyl)ethylamine;
Nitroso-1,2,3,6-tetrahydropyridine; N-Nitroso(2,2,2-tri uoroethyl)ethylamine; N-Nitrosoallyl-2,3-dihydroxypropylamine;
N-Nitrosoallyl-2-hydroxypropylamine; N-Nitrosoallyl-2-oxopropylamine; Nitrosoamylurethan; Nitrosoanabasine; N-Nitrosobis(2-hydroxypropyl)amine;
N-Nitrosodiethanolamine; N-Nitrosodiethylamine; N-Nitrosodipropylamine; Nitrosoethylurethane; Nitrosoheptamethyleneimine;
N-Nitrosomethyl-2,3-dihydroxypropylamine; N-Nitrosomethyl-2-hydroxypropylamine; N-Nitrosomethyl(2-oxopropyl)amine;
2-Nitrosomethylaminopyridine; Nitrosomethylaniline; N -Nitrosonornicotine-1-N-oxide; N-Nitrosopiperidinez ; N-Nitrosothialdine;
N-Nitrosothiomorpholine
N-Methyl-N-formylhydrazine
N-Ethyl-N-formylhydrazine; N-Methyl-N-formylhydrazine; 3-Methylbutanal methylformylhydrazone; N-N -Propyl-N-formylhydrazine
A atoxin By1
Benzenez ; Benzidine.2HCl; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; 1,3-Butadienez ; Captafolz ; Chloroprenez ; Cupferronz ; Dichloroacetylenez ;
Ethylene oxidez ; Gentian violet; Glycidolz ; Iodinated glycerolz ; Isoprene; N-Methylolacrylamidey ; Nitromethanez ; 4,4 -Oxydianilinez ;
1,2,3-Trichloropropanez ; 2,4,6-Trinitro-1,3-dimethyl-5-tert-butylbenzene; Vinyl  uoridez
Acetamidez ; A atoxin, crudez ; Allyl isovaleratez ; trans-5-Amino-3[2-(5-nitro-2-furyl)vinyl]-1,2,4-oxadiazole; 2-Amino-4-( p-nitrophenyl)thiazole;
2-Aminoanthraquinonez ; 5-Azacytidinez ; Azathioprine; Benzenez ; 1,4-Benzoquinone; Benzotrichloride; Benzoyl hydrazine; 1,3-Butadienez ;
1,2-di-n-Butylhydrazine.2HCl; Captafolz ; Chlorambucilz ; Chlorinated paraf ns (C23 , 43% chlorine)y ; Cyclophosphamidez ; Dacarbazinez ; DDTz ;
Dibromodulcitolz ; Dibromomannitolz ; Estradiol mustardy ; Ethylene oxidez ; 5-Fluorouracily ; Formic acid
2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Gentian violet; Hexanamidey ; 2-Hydrazino-4-( p-aminophenyl)thiazolez ; 2-Hydrazino-4( p-nitrophenyl)thiazolez ; 1-(2-Hydroxyethyl)-1-nitrosoureaz ; ICRF-159z ; Isophosphamidez ; Isoprene; MeIQxz ; Melphalanz ;
1-Methyl-1,4-dihydro-7-[2-(5-nitrofuryl)vinyl]-4-oxo-1,8-naphthyridine-3-carboxylate, potassium; Methyl methanesulfonate;
4,4 -Methylenedianiline.2HClz ; Metronidazolez ; N-[4-(5-Nitro-2-furyl)-2-thiazolyl] formamidez ; Phenesterinz ; Phenolphthaleinz ; PhIP.HClz ;
Phorbol; Procarbazine.HClz ; Strobane; Tetra uoroethylenez ; Thio-tepaz ; p-Tolylureay ; Tris(2-chloroethyl)phosphatez ; Urethanez ; C.I. vat yellow 4y
(Continued on next page)

Chemicals that induce tumors at each site

TABLE 1.—Summary of Carcinogenic Potency Database by target organ.
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Procarbazine.HClz
Allyl isovaleratez ; 1-Amyl-1-nitrosourea; Atraziney ; Benzidine; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; C.I. direct blue 15;
N-n-Butyl-N-nitrosourea; Cadmium chloride; Chlorambucilz ; Cyclophosphamidez ; Dacarbazinez ; 1,3-Dibutyl-1-nitrosourea; Dichloroacetylenez ;
3,3 -Dichlorobenzidine; Dichlorvosz ; Dimethoxane; 3,3 -Dimethoxybenzidine-4,4 -diisocyanatey ; 3,3 -Dimethoxybenzidine.2HCl;
Dimethyl morpholinophosphoramidatey ; 2-(2,2-Dimethylhydrazino)-4-(5-nitro-2-furyl)thiazole; Ethylene oxidez ; Formaldehydez ;
Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Furanz ; Glycidolz ; FD & C green no. 1y ; FD & C green no. 2y ;
Hematoxylin; 2-Hydrazino-4-( p-aminophenyl)thiazolez ; Hydroquinonez ; 1-(2-Hydroxyethyl)-1-nitrosoureaz ; Iodinated glycerolz ; Lasiocarpine;
2-Mercaptobenzothiazoley ; Metepa; Methyl tert-butyl etherz ; Mirexz ; l-5-Morpholinomethyl-3-[(5-nitrofurfurylidene)amino]-2-oxazolidinone.
HCl; Nitrite, sodiumy ; N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]acetamidez ; o-Nitroanisolez ; 1-[(5-Nitrofurfurylidene)
amino]-2-imidazolidinone; 1-Nitropyrene; Nitroso-N-methyl-N-(2-phenyl)ethylamine; N-Nitrosodiethanolamine; PhIP.HClz ; Procarbazine.HClz ;
Propane sultone; N-Propyl-N-nitrosourea; FD & C red no. 2; FD & C red no. 4y ; Tetrachloroethylenez ; Tetra uoroethylenez ; Thio-tepaz ;
2,4,6-Trichlorophenolz ; Trp-P-2 acetatez
Bromate, potassiumz
o-Benzyl-p-chlorophenoly ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bromate, potassiumz ; Bromodichloromethanez ; 1,3-Butadienez ;
1,2-di-n-Butylhydrazine.2HCl; Caffeic acidz ; Chloroformz ; Chloroprenez ; Daminozidez ; 2,4-Diaminophenol. 2HCly ; Dichloroacetylenez ;
2,4-Dinitrotoluene (containing 1.0-1.5% 2,6-dinitrotoluene) z ; Hydroquinonez ; N-Hydroxy-2-acetylamino uorenez ; 3-Hydroxy-p-butyrophenetidide;
Lead acetate, basicz ; Mercurymethyl chloride; Nitrilotriacetic acidz ; Ochratoxin Az ; Phenacetinz ; C.I. pigment red 3z ; Streptozotocinz ;
Tris(2-chloroethyl)phosphatez ; Tris(2,3-dibromopropyl) phosphatez ; Vinylidene chloridey
Cycasin and methylazoxymethanol acetate
A atoxin B1y ; 1-Amino-2,4-dibromoanthraquinonez ; 1-Amino-2-methylanthraquinonez ; 2-Amino-5-(5-nitro-2-furyl)-1,3,4-oxadiazole;
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole; 2-Amino-4-nitrophenoly ; 2-Amino-5-nitrothiazoley ; o-Anisidine.HClz ; Aristolochic acid,
sodium salt (77% AAI, 21% AAII); Azoxymethane; Barbital, sodium; Benzofuranz ; Bromate, potassiumz ; Bromodichloromethanez ;
tert-Butyl alcoholz ; Caffeic acidz ; Captafolz ; Captanz ; Chlorinated paraf ns (C12 , 60% chlorine)z ; Chloroformz ;
3-( p-Chlorophenyl)-1,1-dimethylureay ; Chloroprenez ; Chlorothalonily ; Cinnamyl anthranilatez ; Citrinin; Coumarinz ; Dichloroacetylenez ;
1,4-Dichlorobenzenez ; Diethylacetamide; 3,4-Dihydrocoumarinz ; Dimethoxane; Dimethyl methylphosphonatey ; 4,6-Dimethyl-2-(5-nitro-2furyl)pyrimidine; N-4-(4 -Fluorobiphenyl)acetamide; Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Glycine; Hexachlorobutadiene;
Hexachloroethanez ; Hexamethylmelamine; 2-Hydrazino-4-(5-nitro-2-furyl)thiazolez ; Hydroquinonez ; 1-(2-Hydroxyethyl)-1-nitrosoureaz ;
Isophoroney ; Lead acetatey ; Lead acetate, basicz ; d-Limoneney ; 2-Methoxy-3-aminodibenzofuran;
8-Methoxypsoralen; Z-Methyl-O,N,N-azoxyethane; Methyl tert-butyl etherz ; N-(N-Methyl-N-nitrosocarbamoyl)-l-ornithine; a -Methylbenzyl alcoholy ;
Mirexz ; l-5-Morpholinomethyl-3-[(5-nitrofurfurylidene)amino]-2-oxazolidinone.HCl; Nitrilotriacetic acidz ;
Nitrilotriacetic acid, trisodium salt, monohydratey ; 3-(5-Nitro-2-furyl)-imidazo(1,2-a )pyridinez ; N-[3-(5-Nitro-2-furyl)-1,2,4-oxadiazole-5-yl]methyl] acetamide; N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]acetamidez ; o-Nitroanisolez ; Nitrobenzenez ; 2-Nitro uorene;
1-[(5-Nitrofurfurylidene)amino]hydantoinz ; 1-Nitroso-1-hydroxyethyl-3-chloroethylurea; N-Nitrosodiethanolamine; N-Nitrosodiethylamine;
N-Nitrosodimethylaminez ; N-Nitrosopyrrolidinez ; Ochratoxin Az ; C.I. acid orange 3y ; N-Oxydiethylene thiocarbamyl-N-oxydiethylene
sulfenamide; Phenacetinz ; Phenazone; Phenolphthaleinz ; Phenylbutazonez ; o-Phenylphenate, sodiumy ; Quercetiny ; Salicylazosulfapyridinez ;
Streptozotocinz ; Tetrachloroethylenez ; Tetra uoroethylenez ; Tetrahydrofuranz ; 1,2,3-Trichloropropanez ; Tris(2-chloroethyl)phosphatez ;
Tris(2,3-dibromopropyl) phosphatez ; Vinyl chloridez
1,1-Dimethylhydraziney ; 1,2-Dimethylhydrazine.2HCl; Hydrazinez ; Methylhydrazine; Urethanez
Capsaicin
A atoxin B1y ; 1-Allyl-1-nitrosourea; 1-Amino-2,4-dibromoanthraquinonez ; Amylopectin sulfate; Azoxymethane; 2,2-Bis(bromomethyl)-1,3-propanediol,
technical gradez ; C.I. direct blue 15; Bromodichloromethanez ; N-N-Butyl-n-nitrosourea; Carrageenan, acid-degraded; Chrysazinz ; Dextran sulfate
sodium (DS-M-1); 3,3 -Dimethoxybenzidine.2HCl; 3,3 -Dimethylbenzidine.2HClz ; Z-Ethyl-O,N,N-azoxymethane; 1-Ethylnitroso-3-(2-oxopropyl)-urea;
Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Glu-P-1z ; Glu-P-2z ; Glycidolz ; N-Hexylnitrosourea; 1-Hydroxyanthraquinone;
1-(2-Hydroxyethyl)-1-nitrosoureaz ; IQz ; o-Nitroanisolez ; N-Nitrosobis(2-oxopropyl)amine; Phenazopyridine.HClz ;
PhIP.HClz ; C.I. acid red 114; 4,4 -Thiodianilinez ; Tribromomethaney ; Tris(2,3-dibromopropyl)phosphatez
3,3 -Dichlorobenzidine; 4,4 -Methylene-bis(2-chloroaniline)
2-Acetylamino uorenez ; p,p -DDEy ; 1,2-Dimethylhydrazine.2HCl; Hexachlorobenzenez ; Hydrazine sulfatez ; N-Hydroxy-2-acetylamino uorenez ;
N-Methyl-N-formylhydrazine; Methylhydrazine; Methylnitrosamino-N,N-dimethylethylamine; N-Nitroso-1,3-oxazolidine;
Nitroso-2-oxopropylethanolamine; N-Nitrosoallyl-2-oxopropylamine; N-Nitrosoazetidine; N-Nitrosomorpholine; N-Nitrosopiperidinez ;
N-Nitrosopyrrolidinez
A-a -C; Acetaminophenz ; 2-Acetylamino uorenez ; Aci uorfen; Aldrinz ; 1-Amino-2,4-dibromoanthraquinonez ; 3-Amino-9-ethylcarbazole mixturez ;
1-Amino-2-methylanthraquinonez ; 2-Aminoanthraquinonez ; 4-Aminodiphenyl; 2-Aminodiphenylene oxide; 3-Aminotriazolez ; Aramitez ; Aroclor 1254y ;
Auramine-Oz ; Benzidine.2HCl; Benzofuranz ; Benzyl acetatey ; 3-Benzylsydnone-4-acetamidez ; Bis(2-chloro-1-methylethyl)ether, technical gradey ;
Bis-2-chloroethylether; Bis-2-hydroxyethyldithiocarbamic acid, potassium; C.I. direct black 38; C.I. direct blue 218z ; HC blue no. 1z ;
HC blue no. 1 (puri ed); Bromodichloromethanez ; 1,3-Butadienez ; Butylated hydroxytolueney ; 1,1-di-n-Butylhydrazine; Captafolz ; Carbazole;
Carbon tetrachloridez ; Chloral hydrate; Chlorambeny ; Chlordane, technical gradey ; Chlorendic acidz ; Chlorinated paraf ns (C12 , 60% chlorine)z ;
1-Chloro-2-nitrobenzeney ; 1-Chloro-4-nitrobenzeney ; 4-Chloro-m-phenylenediaminez ; 4-Chloro-o-phenylenediaminez ; 5-Chloro-o-toluidiney ;
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Chloroacetaldehyde; p-Chloroaniline.HClz ; Chlorobenzilatey ; Chlorodibromomethaney ; Chloroformz ; Chloroprenez ; Chrysazinz ; CI-924;
Cinnamyl anthranilatez ; Cipro bratez ; Clobuzarity ; Compound LY171883; Coumarinz ; p-Cresidinez ; Cupferronz ; Cyclamate, sodiumy ;
Cyclochlorotine; Cyproterone acetate; p,p -DDDy ; p,p -DDEy ; DDTz ; Diallate; 2,4-Diaminotoluenez ; 2,4-Diaminotoluene.2HClz ;
3,5-Dichloro-(N-1,1-dimethyl-2-propynyl)benzamide; 2,6-Dichloro-p-phenylenediaminey ; Dichloroacetic acidz ; 1,4-Dichlorobenzenez ; 1,2-Dichloropropaney ;
Dicofoly ; Dieldrinz ; Diftalone; 3,4-Dihydrocoumarinz ; Dihydrosafrolez ; 2,5-Dimethoxy-4 -aminostilbenez ; 1,1-Dimethylhydraziney ;
1,4-Dioxanez ; 5,5-Diphenylhydantoiny ; Dipyroney ; Doxylamine succinatez ; Estragole; dl-Ethioninez ; o-Ethoxybenzamide; N-Ethyl-N-formylhydrazine;
Ethylene imine; Ethylene thioureaz ; 2-Ethylhexanoly ; di(2-Ethylhexyl)adipatey ; di(2-Ethylhexyl)phthalatez ; 4 -Fluoro-4-aminodiphenyl; Furanz ;
Furfuralz ; Gentian violet; Glu-P-1z ; Glu-P-2z ; Glycidolz ; Griseofulvin; HCDD mixturez ; Heptachlory ; Hexachlorobenzenez ;
a -1,2,3,4,5,6-Hexachlorocyclohexanez ; b -1,2,3,4,5,6-Hexachlorocyclohexane; c -1,2,3,4,5,6-Hexachlorocyclohexaney ; Hexachlorocyclohexane,
technical grade; Hexachloroethanez ; Hexanal methylformylhydrazone; Hydrazine sulfatez ; Hydrazobenzenez ; Hydroquinonez ; N-Hydroxy-2acetylamino uorenez ; 1 -Hydroxyestragole; 2-Hydroxyethylhydrazine; 1 -Hydroxysafrolez ; IQz ; Isoniazidz ; Isoprene; Keponez ;
Leupeptin; Lovastatin; Luteoskyrin; Malonaldehyde, sodium saltz ; MeA-a -C acetatez ; MeIQ; MeIQxz ; Methidathion;
3-Methoxy-4-aminoazobenzene; Methyl tert-butyl etherz ; Methyl clofenapatez ; N-Methyl-N-formylhydrazine; 3-Methylbutanal methylformylhydrazone;
4,4 -Methylene-bis(2-chloroaniline).2HCly ; Methylene chloridez ; 4,4 -Methylenebis(N,N-dimethyl)benzenaminez ; 4,4 -Methylenedianiline.2HClz ;
Methylhydrazine; N-Methylolacrylamidey ; Methylphenidate.HCly ; Michler’s ketonez ; Mirexz ; 1,5-Naphthalenediaminez ; 2-Naphthylaminez ; Nithiazidez ;
3-Nitro-p-acetophenetidey ; 5-Nitro-o-anisidinez ; 2-Nitro-p-phenylenediaminey ; 5-Nitro-o-toluidiney ; 5-Nitroacenaphthenez ; o-Nitroanisolez ; Nitrobenzenez ;
6-Nitrobenzimidazoley ; Nitrofenz ; Nitromethanez ; Nitrosodibutylaminez ; N-Nitrosodimethylaminez ; p-Nitrosodiphenylaminez ; N-Nitrosohexamethyleneimine;
N-Nitrosopiperidinez ; Nonabromobiphenyl; Ochratoxin Az ; Oxazepamy ; 4,4 -Oxydianilinez ; Pentachloroethaney ; Pentachloronitrobenzeney ; 2,3,4,5,6Pentachlorophenol (Dowicide EC-7)y ; 2,3,4,5,6-Pentachlorophenol, technical gradez ; Pentanal methylformylhydrazone; Phenazopyridine.HClz ; Phenobarbitaly ;
Phenobarbital, sodiumz ; Phenylbutazonez ; o-Phenylenediamine.2HClz ; Piperonyl-butoxidez ; Piperonyl sulfoxidey ; Polybrominated biphenyl mixturez ;
Probenecidy ; N-N -Propyl-N-formylhydrazine; D & C red no. 5z ; Rifampiciny ; Ripazepamy ; p-Rosaniline.HClz ; Safrolez ;
Salicylazosulfapyridinez ; Selenium diethyldithiocarbamate; Selenium sul dez ; Strobane; 2,3,7,8-Tetrachlorodibenzo-p-dioxinz ; 1,1,1,2-Tetrachloroethaney ;
1,1,2,2-Tetrachloroethaney ; Tetrachloroethylenez ; Tetrachlorvinphosy ; Tetra uoro-m-phenylenediamine.2HCly ; Tetra uoroethylenez ; Tetrahydrofuranz ;
Thioacetamidez ; 4,4 -Thiodianilinez ; Thiouracilz ; Toluene diisocyanate, commercial grade (2,4 (80%)- and 2,6 (20%)-)z ; m-Toluidine.HCly ;
o-Toluidine.HClz ; p-Toluidine.HCly ; Toxapheney ; T-2 toxin; Triamtereney ; Trichloroacetic acidy ; 2,4,6-Trichloroaniliney ;
1,1,2-Trichloroethaney ; Trichloroethylenez ; Trichloroethylene (without epichlorohydrin)y ; 2,4,6-Trichlorophenolz ; 1,2,3-Trichloropropanez ;
Tri uralin, technical gradey ; 2,4,5-Trimethylanilinez ; 2,4,5-Trimethylaniline.HClz ; 2,4,6-Trimethylaniline.HClz ; 2,4,6-Trinitro-1,3-dimethyl-5-tert-butylbenzene;
Tris(2-chloroethyl)phosphatez ; Tris(2,3-dibromopropyl)phosphatez ; Tris(2-ethylhexyl)phosphatey ; Trp-P-1 acetatez ; Trp-P-2 acetatez ;
Urethanez ; Vinyl carbamate; Vinyl  uoridez ; 2,5-Xylidine.HClz ; C.I. disperse yellow 3z ; Zearalenoney
A atoxin B1y ; Cycasin and methylazoxymethanol acetate; IQz ; N-Nitrosodiethylamine; N-Nitrosodipropylamine; N-Nitrosopiperidinez ; Sterigmatocystinz ;
Urethanez
Acetamidez ; Acetaminophenz ; Acetoxime; 2-Acetylamino uorenez ; A atoxicol; A atoxin By1 ; A atoxin, crudez ; 1-Amino2,4-dibromoanthraquinonez ; 3-Amino-9-ethylcarbazole mixturez ; 1-Amino-2-methylanthraquinonez ; 2-Aminoanthraquinonez ;
o-Aminoazotolueney ; 11-Aminoundecanoic acidy ; Aramitez ; Aroclor 1260; Auramine-Oz ; Azoxymethane; Bemitradine;
Benzidine; 3-Benzylsydnone-4-acetamidez ; Bis(2,3-dibromopropyl)phosphate, magnesium salt; C.I. direct blue 15;
Bromodichloromethanez ; Budesonide; Captafolz ; Carbon tetrachloridez ; Chlorendic acidz ; Chlorinated paraf ns (C12 , 60%
chlorine)z ; 4-Chloro-4 -aminodiphenyletherz ; 2-Chloro-5-(3,5-dimethylpiperidinosulphonyl)benzoic acid; [4-Chloro-6-(2,3xylidino)-2-pyrimidinylthio]acetic acidz ; 4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio(N-b -hydroxyethyl)acetamidez ;
Chlorobenzeney ; Chloroformz ; 3-( p-Chlorophenyl)-1,1-dimethylureay ; Cipro bratez ; Clivorine; Clo bratey ;
Clophen A 30; Coumarinz ; p-Cresidinez ; Crotonaldehyde; Cupferronz ; Cyclopentanone oxime; DDTz ; Decabromodiphenyl oxidey ;
Dehydroepiandrosterone; Dehydroepiandrosterone acetate; 2,4-Diaminotoluenez ; 2,4-Diaminotoluene.2HClz ; 1,2-Dibromoethanez ;
Dichloroacetic acidz ; Dichloroacetylenez ; N,N-Diethyl-4-(4 -[pyridyl-1 -oxide]azo)aniline; Diethylstilbestrolz ; Dimethoxane;
3,3 -Dimethoxybenzidine.2HCl; 5,6-Dimethoxysterigmatocystin; N,N-Dimethyl-4-aminoazobenzene; 6-Dimethylamino-4,4-diphenyl-3-heptanol acetate.HCly ;
3,3 -Dimethylbenzidine.2HClz ; Dimethylnitramine; Dinitrosohomopiperazine; 2,6-Dinitrotoluene; 2,4-Dinitrotoluene (containing 1.0-1.5% 2,6-dinitrotoluene)z ;
Dinitrotoluene, technical grade (2,4 (77%)- and 2,6 (19%)-); 1,4-Dioxanez ; Dipentylnitrosamine; Doxylamine succinatez ; Ethinyl estradiol; Ethionine;
dl-Ethioninez ; 4-Ethoxy-phenylurea; Ethyl alcoholy ; Z-Ethyl-O,N,N-azoxyethane; Z-Ethyl-O,N,N-azoxymethane; Ethylene thioureaz ;
di(2-Ethylhexyl)phthalatez ; Fluconazoley ; N-(2-Fluorenyl)-2,2,2-tri uoroacetamide; Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ;
Fumonisin B1 ; Furanz ; Furfuralz ; Glu-P-1z ; Glu-P-2z ; FD & C green no. 1y ; HCDD mixturez ; Hexachlorobenzenez ;
a -1,2,3,4,5,6-Hexachlorocyclohexanez ; Hydrazinez ; Hydrazine sulfatez ; Hydrazobenzenez ; Hydrochloro uorocarbon 123; N-Hydroxy-2-acetylamino uorenez ;
1-Hydroxyanthraquinone; 1-(2-Hydroxyethyl)-nitroso-3-chloroethylurea; 1 -Hydroxysafrolez ; IQz ; IQ.HCl; Isoniazidz ;
Keponez ; Lasiocarpine; MeA-a -C acetatez ; MeIQxz ; Methapyrilene.HCl; Z-Methyl-O,N,N-azoxyethane; Methyl carbamatey ; Methyl clofenapatez ;
3 -Methyl-4-dimethylaminoazobenzene; 2-Methyl-1-nitroanthraquinonez ; 4-(4-N-Methyl-N-nitrosaminostyryl)quinoline; 4,4 -Methylene-bis(2-chloroaniline);
4,4 -Methylene-bis(2-methylaniline); 4,4 -Methylenedianiline.2HClz ; 4-(Methylnitrosamino)-1-(3-pyridyl)-1-(butanone); Metronidazolez ; Michler’s ketonez ;
Mirexz ; Monocrotaline; Nafenopin; Nitrite, sodiumy ; Nitrobenzenez ; 2-Nitrobutane; 2-Nitro uorene; 3-Nitropentane; N-Nitroso-bis-(4,4,4-tri uoro-N-butyl)amine;
1-Nitroso-5,6-dihydrouracil; N-Nitroso-2,3-dihydroxypropylethanolamine; 1-Nitroso-1-hydroxyethyl-3-chloroethylurea; 1-Nitroso-1-(2-hydroxypropyl)-3chloroethylurea; N-Nitroso-(2-hydroxypropyl)-(2-hydroxyethyl)amine; N-Nitroso-N-methyl-N-dodecylamine; Nitroso-N-methyl-N-(2-phenyl)ethylamine;
(Continued on next page)

[4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acidz ; 4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio(N-b -hydroxyethyl)acetamidez ;
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N-Nitroso-N-methyldecylamine; 3-Nitroso-2-oxazolidinone; Nitroso-2-oxopropylethanolamine; Nitroso-1,2,3,6-tetrahydropyridine;
N-Nitrosoallyl-2-hydroxypropylamine; N-Nitrosoallyl-2-oxopropylamine; N-Nitrosoallylethanolamine; N-Nitrosobis(2-oxopropyl)amine;
Nitrosodibutylaminez ; N-Nitrosodiethanolamine; N-Nitrosodiethylamine; N-Nitrosodimethylaminez ; p-Nitrosodiphenylaminez ;
N-Nitrosodipropylamine; Nitrosododecamethyleneimine; N-Nitrosoephedrine; Nitrosoethylmethylamine; Nitrosoheptamethyleneimine; N-Nitrosomethyl-2,
3-dihydroxypropylamine; N-Nitrosomethyl-(2-hydroxyethyl)amine; N-Nitrosomethyl-(3-hydroxypropyl)amine; N-Nitrosomethyl(2-oxopropyl)amine;
N-Nitrosomethyl-(2-tosyloxyethyl)amine; Nitrosomethylundecylamine; N-Nitrosomorpholine; N-Nitrosopiperidinez ; N-Nitrosopyrrolidinez ;
N-Nitrosothialdine; o-Nitrosotoluene; Norlestrinz ; N-(9-Oxo-2- uorenyl)acetamide; 4,4 -Oxydianilinez ; 2,3,4,5,6-Pentachlorophenol, technical gradez ;
Petasitenine; Phenobarbital, sodiumz ; 1-Phenylazo-2-naphtholy ; o-Phenylenediamine.2HClz ; Piperonyl butoxidez ; Polybrominated biphenyl mixturez ;
Prednisolone; Pyrilamine maleatey ; C.I. acid red 114; C.I. pigment red 3z ; D & C red no. 5z ; D & C red no. 9y ; FD & C red no. 1;
p-Rosaniline.HClz ; Safrolez ; Selenium sul dez ; Senkirkine; Sterigmatocystinz ; Symphytine; Tamoxifen citratez ; Telone II, technical gradez ; 3,3 ,4,4 Tetraaminobiphenyl.4HClz ; 2,3,7,8-Tetrachlorodibenzo-p-dioxinz ; Tetra uoroethylenez ; Thioacetamidez ; 4,4 -Thiodianilinez ; Toluene diisocyanate,
commercial grade (2,4 (80%)- and 2,6 (20%)-)z ; Triamcinolone acetonide; 2,4,5-Trimethylanilinez ; 2,4,5-Trimethylaniline.HClz ; 2,4,6-Trimethylaniline. HClz ;
Trinitroglycerin; Trp-P-1 acetatez ; Trp-P-2 acetatez ; Vinyl acetatez ; Vinyl bromide; Vinyl chloridez ; Vinyl  uoridez ; C.I. disperse yellow 3z
A atoxin B1y
Methylnitrosamino-N,N-dimethylethylamine; Nitroso-2,6-dimethylmorpholine; 1-Nitroso-3,4,5-trimethylpiperazine
Acetaldehyde methylformylhydrazone; N -Acetyl-4-(hydroxymethyl)phenylhydrazine; 1-Acetyl-2-isonicotinoylhydrazine;
Allylhydrazine.HCl; 1-Amino-2,4-dibromoanthraquinonez ; Arecoline.HCl; 5-Azacytidinez ; Benzenez ; Benzofuranz ; Benzotrichloride;
Benzoyl hydrazine; Benzylhydrazine.2HCl; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bis(2-chloro-1-methylethyl)ether,
technical gradey ; Bis-(chloromethyl)ether z ; 1,3-Butadienez ; N-n-Butyl-N-formylhydrazine; Butylated hydroxytolueney ;
1,1-di-n-Butylhydrazine; n-Butylhydrazine.HCl; 1,2-di-N-Butylhydrazine.2HCl; Caffeic acidz ; Carbamyl hydrazine.HCl;
1-Carbamyl-2-phenylhydrazine; Chlorambucilz ; Chloroprenez ; Cobalt sulfate heptahydratez ; Coumarinz ;
Cyclophosphamidez ; Dacarbazinez ; Daminozidez ; p,p -DDDy ; DDTz ; 1,1-Diallylhydrazine; 1,2-Diallylhydrazine.2HCl;
Dibenz(a,h)anthracene; 1,2-Dibromo-3-chloropropanez ; Dibromodulcitolz ; 1,2-Dibromoethanez ; Dibromomannitolz ;
1,2-Dichloroethanez ; 1,2-Diformylhydrazine; Dihydrosafrolez ; 2,5-Dimethoxy-4 -aminostilbenez ; 3,3 -Dimethylbenzidine.2HClz ;
1,1-Dimethylhydraziney ; 1,2-Dimethylhydrazine.2HCl; a -Ecdysone; Estradiol mustardy ; N-Ethyl-N-formylhydrazine; Ethylene imine;
Ethylene oxidez ; Ethylhydrazine.HCl; 5-Fluorouracily ; Formylhydrazine; Glycidolz ; c -1,2,3,4,5,6-Hexachlorocyclohexaney ;
Hexanal methylformylhydrazone; Hydrazinez ; Hydrazine sulfatez ; IQz ; Isobutyl nitritez ; Isoniazidz ; Isonicotinic acid vanillylidenehydrazide;
Isoprene; Lovastatin; MeIQxz ; Melphalanz ; 1-Methyl-1,4-dihydro-7-[2-(5-nitrofuryl)vinyl]-4-oxo-1,8-naphthyridine-3-carboxylate, potassium;
N-Methyl-N-formylhydrazine; Methyl methanesulfonate; 3-Methylbutanal methylformylhydrazone; Methylene chloridez ; Methylhydrazine;
Methylhydrazine sulfate; (N-6)-(Methylnitroso)adenine; (N-6)-(Methylnitroso)adenosine; N-Methylolacrylamidey ; Metronidazolez ; Molybdenum
trioxidey ; Monoacetyl hydrazine; Naphthalene; 1,5-Naphthalenediaminez ; Nicotinic acid hydrazide; N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamidez ;
3-Nitro-3-hexenez ; Nitrobenzenez ; Nitromethanez ; Nitrosodibutylaminez ; N-Nitrosodimethylaminez ; N-Nitrosohexamethyleneimine;
N-Nitrosopiperidinez ; Ozoney ; Pentanal methylformylhydrazone; n-Pentylhydrazine.HCl; Phenesterinz ; Phenylethylhydrazine sulfate;
Procarbazine.HClz ; N-N -Propyl-N-formylhydrazine; Propylhydrazine.HCl; Selenium sul dez ; Streptozotocinz ; Sulfallatez ; Telone II, technical gradez ;
3,3 ,4,4 -Tetraaminobiphenyl.4HClz ; Tetranitromethanez ; T-2 toxin; Trichloroethylenez ; Tri uralin, technical gradey ; 2,4,5-Trimethylaniline.HClz ;
Tris(2,3-dibromopropyl) phosphatez ; Urethanez ; Vinyl chloridez ; Vinyl  uoridez ; Vinylidene chloridey ; 2,4-Xylidine.HCly
Urethanez
1-Allyl-1-nitrosourea; 2-Amino-5-(5-nitro-2-furyl)-1,3,4-oxadiazole; 2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole; 2-Amino-5-nitrothiazoley ;
1-Amyl-1-nitrosourea; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bis-(chloromethyl) etherz ; HC blue no. 1z ;
Bromoethanez ; N-n-Butyl-N-nitrosourea; Cadmium chloride; Cadmium sulphate (1:1); 1-Chloroethylnitroso-3-(2-hydroxypropyl)urea;
Chloroprenez ; Cobalt sulfate heptahydratez ; 1,2-Dibromoethanez ; Dimethyl hydrogen phosphitey ; trans-2-[(Dimethylamino)methylimino]-5[2-(5-nitro-2-furyl)vinyl]-1,3,4-oxadiazole; 3,3 -Dimethylbenzidine. 2HClz ; 1,2-Epoxybutaney ; 1-Ethylnitroso-3-(2-oxopropyl)-urea;
N-Hexylnitrosourea; Hydrazinez ; Hydrazine sulfatez ; 1-(2-Hydroxyethyl)-1-nitrosoureaz ; Isobutyl nitritez ; Isoniazidz ; 4,4 -Methylenebis(2-chloroaniline); 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol; 4-(Methylnitrosamino)-1-(3-pyridyl)-1-(butanone); N- [3-(5-Nitro-2-furyl)1,2,4-oxadiazole-5-yl]-methy lacetamide; N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]acetamidez ; 3-Nitro-3-hexenez ; 5-Nitroacenaphthenez ;
N-Nitroso-bis-(4,4,4-tri uoro-N-butyl)amine; N-Nitroso-N-methyl-N-dodecylamine; N-Nitroso-N-methyl-N-tetradecylamine;
N-Nitroso-N-methyldecylamine; N-Nitroso-N-methylureaz ; N-Nitrosobis(2-hydroxypropyl) amine; N-Nitrosobis-2,3-dihydroxypropylamine;
(2-oxopropyl)amine; Nitrosodibutylaminez ; N-Nitrosodimethylaminez ; N-Nitrosoephedrine; Nitrosoethylmethylamine; N-Nitrosomethyl
N-Nitrosomethyl-(3-hydroxypropyl)amine; Nitrosomethylundecylamine; C.I. acid red 114; Sodium dichromate; 2,3,7,8-Tetrachlorodibenzo- p-dioxinz ;
Tetranitromethanez ; 2,4,5-Trimethylanilinez ; 2,4,6-Trimethylaniline.HClz ; Vinyl chloridez
Lynestrenol
Vinyl chloridez
5-Azacytidinez ; Benzenez ; C.I. direct black 38; 1,3-Butadienez ; Calciferol; Chloroprenez ; 1,2-Dibromoethanez ; 1,2-Dichloroethanez ; Diethylstilbestrolz ;
a -Ecdysone; Estradiol; Ethylene oxidez ; Furosemidey ; Glycidolz ; Griseofulvin; Isoniazidz ; Isonicotinic acid vanillylidenehydrazide;
(N-6)-(Methylnitroso)adenosine; Nitrobenzenez ; Reserpinez ; Sulfallatez ; Vinyl chloridez ; Vinyl  uoridez ; Vinylidene chloridey
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Acrylamide; Acrylonitrile; Bromoethanez ; Chlorambucilz ; 1-(4-Chlorophenyl)-1-phenyl-2-propynyl carbamate; Cyclophosphamidez ; 1-Ethyl-1-nitrosourea;
Ethyleneoxidez ; 1-Ethylnitroso-3-(2-oxopropyl)-urea; Glu-P-1z ; Glu-P-2z ; Glycidolz ; R( )-2-Methyl-N-nitrosopiperidine; S( )-2-Methyl-N-nitrosopiperidine;
Methylnitramine; N-Nitroso-N-methylureaz ; N-Nitrosodiethanolamine; 1-Phenyl-3,3-dimethyltriazene; Procarbazine.HClz ; Propane sultone; Vinyl chloridez
Acetaldehyde; Nitroso-2,6-dimethylmorpholine; N-Nitrosomorpholine; N-Nitrosopiperidinez
N-Nitrosohexamethyleneimine; 1,2,3-Trichloropropanez ; Vinyl acetatez
Acrylamide; Acrylonitrile; Benzenez ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; C.I. direct blue 15; C.I. direct blue 218z ; Chloroprenez ;
3-Diazotyramine.HCl; 1,2-Dibromo-3-chloropropanez ; 3,3 -Dimethoxybenzidine.2HCl; 3,3 -Dimethylbenzidine.2HClz ; Dimethylvinyl chloridez ;
Dinitrosohomopiperazine; Glycidolz ; IQz ; MeA-a -C acetatez ; N-Nitroso-2,3-dihydroxypropyl-2-hydroxypropylamine; Nitroso-2,3-dihydroxypropyl2-oxopropylamine; Nitroso-N-methyl-N-(2-phenyl)ethylamine; Nitrosoamylurethan; N-Nitrosodiethylamine; Nitrosoethylurethan;
Nitrosoheptamethyleneimine; 1-Nitrosohydantoin; N-Nitrosomethyl(2-oxopropyl)amine; N-Nitrosothialdine; N-Nitrosothiomorpholine;
C.I. acid red 114; 2,3,7,8-Tetrachlorodibenzo-p-dioxinz ; Tolueney ; 1,2,3-Trichloropropanez ; Xylene mixture (m-xylene, o-xylene, p-xylene)
Benzenez ; 1,3-Butadienez ; Diethylstilbestrolz ; N-Methylolacrylamidey ; 5-Nitro-2-furaldehyde semicarbazonez ; 5-Nitroacenaphthenez ;
1-[(5-Nitrofurfurylidene)amino]hydantoinz ; Phenolphthaleinz ; Tamoxifen citratez ; 4-Vinylcyclohexene
Nitroso-2,3-dihydroxypropyl-2-oxopropylamine; Nitroso-2,6-dimethylmorpholine; Nitroso-2-oxopropylethanolamine
Urethanez
2-Amino-5-nitrophenoly ; 1-(Aminomethyl)cyclohexaneacetic acid; Azaserine; Butyl benzyl phthalatey ; Chlorendic acidz ; Cinnamyl anthranilatez ;
Clo bratey ; Dichlorvosz ; Ethyl alcoholy ; Hydrochloro uorocarbon 123; IQ.HCl; Malonaldehyde, sodium saltz ; MeA-a -C acetatez ;2-Mercaptobenzothiazoley ;
Methyl clofenapatez ; N-(N-Methyl-N-nitrosocarbamoyl)-l-ornithine; 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol; 4-(Methylnitrosamino)-1(3-pyridyl)-1-(butanone); Nafenopin; Nitrofenz ; Toluene diisocyanate, commercial grade (2,4 (80%)- and 2,6 (20%)-)z ; 1,2,3-Trichloropropanez
Bis-1,2-(chloromethoxy)ethane; Bis-1,4-(chloromethoxy)-p-xylene; Bis-(chloromethyl)etherz ; Chloroprenez ; trans-1,4-Dichlorobutene-2;
Dimethylcarbamyl chloride; Phenoxybenzamine.HClz ; Tris-1,2,3-(chloromethoxy)propane
Acronycine; Acrylamide; Actinomycin D; Aniline.HCly ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bromate, potassiumz ; Chlorozotocin;
Cytembenay ; Dapsoney ; 1,2-Dibromoethanez ; Dibromomannitolz ; 3,3 -Dimethylbenzidine.2HClz ; 1,4-Dioxanez ; Ethylene oxidez ; 1-Ethylnitroso-3(2-oxopropyl)-urea; Glycidolz ; Melphalanz ; N-Methyl-N,4-dinitrosoaniline; Mitomycin-C; N-Nitroso-2,2,4-trimethyl-1,2-dihydroquinoline polymer;
Phenoxybenzamine.HClz ; o-Toluidine.HClz
(Continued on next page)

4-Acetylaminobiphenyl; 2-Acetylamino uorenez ; Acronycine; Acrylamide; Acrylonitrile; AF-2z ; 1-Allyl-1-nitrosourea; 2-Amino-5-(5-nitro-2-furyl)-1,3,4oxadiazole; 2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole; 2-Amino-5-nitrothiazoley ; 4-Aminodiphenyl.HCl; 1-Amyl-1-nitrosourea; Atraziney ; Bemitradine;
Benzidine; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; 4-Bis(2-hydroxyethyl)amino-2-(5-nitro-2-thienyl)quinazoline; 1,3-Butadienez ;
N-n-Butyl-N-nitrosourea; Captafolz ; Carbon tetrachloridez ; Carboxymethylnitrosourea; Chlorambucilz ; Chloroprenez ; Cytembenay ; Dacarbazinez ;
N-1-Diacetamido uorene; 4,6-Diamino-2-(5-nitro-2-furyl)-S-triazine; 2,4-Diaminoanisole sulfatez ; 2,4-Diaminotoluenez ; 1,2-Dibromo-3-chloropropanez ;
1,2-Dibromoethanez ; Dibromomannitolz ; 1,3-Dibutyl-1-nitrosourea; 3,3 -Dichlorobenzidine; 1,2-Dichloroethanez ; 3,3 -Dimethoxybenzidine.2HCl;
4,6-Dimethyl-2-(5-nitro-2-furyl)pyrimidine; 1,2-Dimethyl-5-nitroimidazole; trans-2-[ (Dimethylamino)methylimino]-5-[2-(5-nitro-2-furyl)vinyl]-1,3,4oxadiazole; Dimethylaminoethylnitrosoethylurea, nitrite salt; 3,3 -Dimethylbenzidine.2HClz ; 2-(2,2-Dimethylhydrazino)-4-(5-nitro-2-furyl)thiazole;
2,4-Dinitrotoluene (containing 1.0-1.5% 2,4-Dioxanez ; 1-Ethylnitroso-3-(2-hydroxyethyl)-urea; 1-Ethylnitroso-3-(2-oxopropyl)-urea;
6-dinitrotoluene)z ; N-(2-Fluorenyl)-2,2,2-tri uoroacetamide; Formic acid 2-(4-methyl-2-thiazolyl)hydrazide; Formic acid 2-[4-(5-nitro-2-furyl)2-thiazolyl]hydrazidez ; Glycidolz ; Hexamethylmelamine; N-Hexylnitrosourea; 2-Hydrazino-4-(p-aminophenyl) thiazolez ; 2-Hydrazino-4(5-nitro-2-furyl)thiazolez ; 2-Hydrazino-4-( p-nitrophenyl)thiazolez ; Hydrazobenzenez ; 1-(2-Hydroxyethyl)-3-[(5-nitrofurfurylidene)amino]-2-imidazolidinone;
1-(2-Hydroxyethyl)-nitroso-3-ethylurea; 1-(2-Hydroxyethyl)-1-nitrosoureaz ; Indomethacin; IQz ; IQ.HCl; Isoniazidz ; 2-Methoxy-3-aminodibenzofuran;
4-Methyl-1-[(5-nitrofurfurylidene)amino]-2-imidazolidinone; N-(N-Methyl-N-nitrosocarbamoyl)-l-ornithine; 3-Methylcholanthrene; 4,4 -Methylenebis(2-chloroaniline); 4,4 -Methylene-bis(2-methylaniline); Methylene chloridez ; Metronidazolez ; l-5-Morpholinomethyl-3-[(5-nitrofurfurylidene)amino]2-oxazolidinone.HCl; Nithiazidez ; 5-Nitro-2-furaldehyde semicarbazonez ; 3-(5-Nitro-2-furyl)-imidazo(1,2-a ) pyridinez ; 4-(5-Nitro-2-furyl)thiazole;
N-[4-(5-Nitro-2-furyl)-2-thiazolyl]acetamide; N,N -[6-(5-Nitro-2-furyl)-S-triazine-2,4-diyl]bisacetamide; 5-Nitroacenaphthenez ;
1-[(5-Nitrofurfurylidene)amino]-2-imidazolidinone; Nitromethanez ; 1-Nitropyrene; Norlestrinz ; Ochratoxin Az ; N-(9-Oxo-2- uorenyl)acetamide; Phenacetinz ;
Phenesterinz ; PhIP.HClz ; Procarbazine.HClz ; Propane sultone; 1,2-Propylene oxidez ; Styreney ; Sulfallatez ; 4,4 -Sulfonylbisacetanilide; Toluene diisocyanate,
commercial grade (2,4 (80%)- and 2,6 (20%)-) z ; o-Toluidine.HClz ; 1,2,3-Trichloropropanez ; 2,2,2-Tri uoro-N-[4-(5-nitro-2-furyl)-2-thiazolyl]acetamidez ;
Trp-P-2 acetatez ; Vinyl chloridez ; FD & C violet no. 1y
Salbutamol; Terbutaline
Estradiol mustardy ; Phenesterinz
N-Nitrosodiethylamine
Acetaldehyde; Diallylnitrosamine; Dimethylcarbamyl chloride; Hydrazinez ; Methylnitrosamino-N,N-dimethylethylamine; Nitroso-2,6-dimethylmorpholine;
N-Nitrosoallyl-2-oxopropylamine; N-Nitrosomethyl-2,3-dihydroxypropylamine; N-Nitrosomorpholine; N -Nitrosonornicotine; N-Nitrosopiperidinez
Allyl glycidyl ethery ; 1,2-Dibromo-3-chloropropanez ; 1,2-Dibromoethanez ; Formaldehydez ; N-Nitrosohexamethyleneimine; 1,2-Propylene oxidez
Acetaldehyde; Acrylonitrile; 1-Azoxypropane; Benzenez ; Bis-(chloromethyl)etherz ; p-Cresidinez ; Diallylnitrosamine; 1,2-Dibromo-3-chloropropanez ;
1,2-Dibromoethanez ; Dimethylnitramine; Dimethylvinyl chloridez ; Dinitrosohomopiperazine; 1,4-Dioxanez ; 1,2-Epoxybutaney ; Z-Ethyl-O,N,N-azoxyethane;
Ethylbenzene; Ethylnitrosocyanamide; Formaldehydez ; Hexamethylphosphoramide; Hydrazinez ; N-Nitroso-N-methyldecylamine; di(N-Nitroso)perhydropyrimidine; N-Nitroso(2,2,2-tri uoroethyl)ethylamine; 1-Nitroso-3,4,5-trimethylpiperazine; N-Nitrosoallyl-2,3-dihydroxypropylamine;
N-Nitrosoallyl-2-hydroxypropylamine; N-Nitrosoallylethanolamine; N-Nitrosobis(2-hydroxypropyl)amine; N-Nitrosobis(2-oxopropyl)amine;
N-Nitrosodiethanolamine; N-Nitrosodipropylamine; Nitrosoethylmethylamine; N-Nitrosomethyl-2,3-dihydroxypropylamine; N-Nitrosomethyl(2-hydroxyethyl)amine; N-Nitrosomethyl-2-hydroxypropylamine; N-Nitrosomethyl(2-oxopropyl)amine; N -Nitrosonornicotine-1-N-oxide;
N-Nitrosopiperidinez ; Phenacetinz ; Phenylglycidyl ether; 1,2-Propylene oxidez ; Vinyl acetatez ; Vinyl chloridez
1,3-Butadienez ; N-Nitrosodimethylaminez ; Procarbazine.HClz
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Diethylstilbestrolz ; Enovid; Ethylene thioureaz ; Iodinated glycerolz ; Isoprene; Norlestrinz ; Propylthiouracilz ; Zearalenoney
3-Aminotriazolez ; 1,2-Dibromoethanez ; Diethylstilbestrolz ; Ethyl alcoholy ; 2-Mercaptobenzothiazoley ; Metronidazolez ; Norlestrinz
Cadmium chloride; N-Nitrosobis(2-hydroxypropyl)amine; N-Nitrosobis(2-oxopropyl)amine; PhIP.HClz
Urethanez ; Vinyl chloridez
5-Azacytidinez ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Chloroprenez ; Glycidolz ; Thio-tepaz
2-Acetylamino uorenez ; 3-Amino-9-ethylcarbazole mixturez ; 1-Azoxypropane; 2-Azoxypropane; Benzenez ; 2,2-Bis(bromomethyl)-1,3-propanediol,
technical gradez ; C.I. direct blue 15; Carboxymethylnitrosourea; 2,4-Diaminoanisole sulfatez ; Dibromodulcitolz ; Dibromomannitolz ; Dimethoxane;
2,5-Dimethoxy-4 -aminostilbenez ; 3,3 -Dimethoxybenzidine-4,4 -diisocyanatey ; 3,3 -Dimethoxybenzidine.2HCl; 3,3 -Dimethylbenzidine.2HClz ;
Dimethylvinyl chloridez ; 2,4-Dinitrotoluene (containing 1.0-1.5% 2,6-dinitrotoluene)z ; 1-Ethylnitroso-3-(2-hydroxyethyl)-urea; 1-Ethylnitroso-3(2-oxopropyl)-urea; Glycidolz ; 1-(2-Hydroxyethyl)-nitroso-3-ethylurea; IQz ; Lasiocarpine; MeIQxz ; N-(N-Methyl-N-nitrosocarbamoyl)-l-ornithine;
5-Nitro-o-anisidinez ; C.I. acid red 114; p-Rosaniline.HClz ; Thio-tepaz ; Thioureay ; Vinyl chloridez ; FD & C violet no. 1y
Captafolz ; Captanz ; N-Ethyl-N -nitro-N-nitrosoguanidine; Hydrogen peroxide; N-Methyl-N -nitro-N-nitrosoguanidinez ;
N-(Trichloromethylthio)phthalimide
Urethanez
Acrylonitrile; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bis(2,3-dibromopropyl)phosphate, magnesium salt; 4-Bis(2-hydroxyethyl)
amino-2-(5-nitro-2-thienyl)quinazoline; C.I. direct blue 15; Carboxymethylnitrosourea; 1-(4-Chlorophenyl)-1-phenyl-2-propynyl carbamate;
2,5-Dimethoxy-4 -aminostilbenez ; 3,3 -Dimethoxybenzidine.2HCl; 4,6-Dimethyl-2-(5-nitro-2-furyl) pyrimidine; trans-2-[(Dimethylamino)
methylimino]-5-[2-(5-nitro-2-furyl)vinyl]-1,3,4-oxadiazole; 3,3 -Dimethylbenzidine.2HClz ; Z-Ethyl-O,N,N-azoxymethane; 1-Ethyl-1-nitrosourea;
Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Glu-P-1z ; Glu-P-2z ; IQz ; Lasiocarpine; N-Methyl-N -nitro-N-nitrosoguanidinez ;
N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]acetamidez ; N-Nitroso-N-isobutylurea; 3-Nitroso-2-oxazolidinone; Nitrosoethylurethane; PhIP.HClz ;
Propane sultone; Quercetiny ; C.I. acid red 114; Trp-P-2 acetatez
Aniline.HCly ; Azobenzeney ; p-Chloroaniline.HClz ; Dapsoney ; o-Nitrosotoluene; D & C red no. 9y ; o-Toluidine.HClz
AF-2z ; 1,4-Dinitroso-2,6-dimethylpiperazine; Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Hydrazinez ; N-Hydroxy-2-acetylamino uorenez ;
N-[4-(5-Nitro-2-furyl)-2-thiazolyl]acetamide; N-[4-(5-Nitro-2-furyl)-2-thiazolyl] formamidez ; N-Nitroso-2,3-dihydroxypropyl-2-hydroxypropylamine;
Nitroso-2,3-dihydroxypropyl-2-oxopropylamine; N-Nitroso-ethyl-2-oxopropylurea; N-Nitroso-ethylhydroxyethylurea; Nitroso-5-methyloxazolidone;
N-Nitroso-N-methylurethan; N-Nitroso-1,3-oxazolidine; N-Nitroso-2-phenylethylurea; 1-Nitroso-3,4,5-trimethylpiperazine; Urethanez ; Vinyl chloridez
Acetaldehyde methylformylhydrazone; Aci uorfen; AF-2z ; 1-Amino-2,4-dibromoanthraquinonez ; 2-Amino-4-(5-nitro-2-furyl)thiazolez ; trans-5-Amino3[2-(5-nitro-2-furyl)vinyl]-1,2,4-oxadiazole; Arecoline.HCl; Benzaldehydey ; Benzofuranz ; Benzotrichloride; Benzyl acetatey ; Benzyl chloridey ;
Bromoethanol; 1,3-Butadienez ; Butylated hydroxyanisolez ; 1,1-di-N-Butylhydrazine; Caffeic acidz ; Captafolz ; Carbazole; Catecholz ; 3-Chloro-2methylpropene, technical grade (containing 5% dimethylvinyl chloride)z ; 3-(Chloromethyl)pyridine.HClz ; Chloroprenez ; 2-Chloropropanal;
1-Chloropropene; Cyproterone acetate; 1,1-Diallylhydrazine; 1,2-Dibromo-3-chloropropanez ; 1,2-Dibromoethanez ; Dichlorvosz ;
Diglycidyl resorcinol ether, technical gradez ; Dimethylvinyl chloridez ; Dinitrosopiperazine; Estradiol mustardy ; Ethyl acrylatez ; Formic acid 2-[4(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; Glycidolz ; 2-Hydrazino-4-(5-nitro-2-furyl)thiazolez ; N-Hydroxy-2-acetylamino uorenez ; ICI 162846z ;
IQz ; Isoprene; Lovastatin; MeIQ; 1-Methyl-1,4-dihydro-7-[2-(5-nitrofuryl)vinyl]-4-oxo-1,8-naphthyridine-3-carboxylate, potassium; 3-(5-Nitro-2-furyl)imidazo(1,2-a )pyridinez ;N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]acetamidez ; N-[ 4-(5-Nitro-2-furyl)-2-thiazolyl] formamidez ; N-NitrosoN-methylureaz ; Nitrosodibutylaminez ; N-Nitrosohexamethyleneimine; N-Nitrosopiperidinez ; b -Propiolactonez ; Sesamolz ; Styrene oxidez ;
Telone II, technical gradez ; N-(Trichloromethylthio)phthalimide; 1,2,3-Trichloropropanez ; 2,2,2-Tri uoro-N-[4-(5-nitro-2-furyl)-2-thiazolyl]acetamidez ;
Tri uralin, technical gradey ; Tris(2-chloroethyl)phosphatez ; Tris(2,3-dibromopropyl)phosphatez ; Vinyl acetatez
Acetone[ 4-(5-nitro-2-furyl)-2-thiazolyl]hydrazone; 1 -Acetoxysafroley ; Acrylonitrile; 1-Allyl-1-nitrosourea; 2-Amino-5-(5-nitro-2-furyl)-1,3,4-oxadiazole;
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole; 2-Amino-4-(5-nitro-2-furyl)thiazolez ; 1-Amyl-1-nitrosourea; Aristolochic acid,
sodium salt (77% AAI, 21% AAII); Benzenez ; Benzo(a)pyrenez ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ;
Bis(2,3-dibromopropyl)phosphate, magnesium salt; BL-6341.HCl; N-n-Butyl-N-nitrosourea; Butylated hydroxyanisolez ; b -Butyrolactone; Caffeic acidz ;
Catecholz ; 3-Chloro-2-methylpropene, technical grade (containing 5% dimethylvinyl chloride)z ; 4-Chloro-o-phenylenediaminez ; Chloro uoromethane;
3-(Chloromethyl)pyridine.HClz ; Cipro bratez ; Cupferronz ; 1,2-Dibromo-3-chloropropanez ; 1,2-Dibromoethanez ; 1,2-Dichloroethanez ;
Diglycidyl resorcinol ether, technical gradez ; 2,5-Dimethoxy-4 -aminostilbenez ; Dimethyl hydrogen phosphitey ; 4,6-Dimethyl-2-(5-nitro-2furyl)pyrimidine; trans-2-[(Dimethylamino) methylimino]-5-[2-(5-nitro-2-furyl)vinyl]-1,3,4-oxadiazole; Dimethylvinyl chloridez ; Epichlorohydriny ;
Ethyl acrylatez ; Ethylene oxidez ; 2-Fluoroethyl-nitrosourea; Glycidolz ; N-Hexylnitrosourea; 1-Hydroxyanthraquinone; 1-(2-Hydroxyethyl)-1nitrosoureaz ; 1-(3-Hydroxypropyl)-1-nitrosourea; 1 -Hydroxysafrolez ; ICI 162846z ; Loxtidine; Lupitidine.3HCl; Mercuric chloridey ;
3-Methoxycatechol; 4-Methoxyphenol; N-Methyl-N -nitro-N-nitrosoguanidinez ; N-Methyl-N-nitrosobenzamide; 4-Methylcatechol;
Methylnitrosocyanamide; 3-(5-Nitro-2-furyl)-imidazo(1,2-a )pyridinez ; N-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]acetamidez ;
4-(5-Nitro-2-furyl)thiazole; 2-Nitro uorene; 8-Nitroquinoline; Nitroso-Baygon; N-Nitroso-2,3-dihydroxypropyl-2-hydroxypropylamine;
Nitroso-2,3-dihydroxypropyl-2-oxopropylamine; 1-Nitroso-3,5-dimethyl-4-benzoylpiperazine; N-Nitroso-N-methyl-N-dodecylamine;
Nitroso-N-methyl-N-(2-phenyl)ethylamine; N-Nitroso-N-methyldecylamine; N-Nitroso-N-methylureaz ; Nitroso-1,2,3,6-tetrahydropyridine;
N-Nitrosobenzthiazuron; Nitrosodibutylaminez ; N -Nitrosodiethylamine; N -Nitrosoephedrine; Nitrosoethylurethan; Omeprazoley ; Phenacetinz ;
Pivalolactoney ; b -Propiolactonez ; N -Propyl-N -nitro-N-nitrosoguanidine; 1,2-Propylene oxidez ; Sesamolz ; Styrene oxidez ; Sulfallatez ;
Telone II, technical gradez ; 1,2,3-Trichloropropanez ; 2,4,6-Trimethylaniline.HClz

Chemicals that induce tumors at each site

TABLE 1.—Summary of Carcinogenic Potency Database by target organ. (Continued)
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2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; 2,4-Diaminotoluene.2HClz ; 1,2-Dichloroethanez ; Dimethoxane; 1,4-Dioxanez ;
MeA-a -C acetatez ; 4,4 -Methylene-bis(2-methylaniline); o-Nitrosotoluene; p-Rosaniline.HClz ; Toluene diisocyanate, commercial grade
(2,4 (80%)- and 2,6 (20%)-)z ; o-Toluidine.HClz ; 2,4,5-Trimethylaniline.HClz ; 2,5-Xylidine.HClz
Diethylstilbestrolz ; Finasteride; Reserpinez ; Tamoxifen citratez
5-Azacytidinez ; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; 1,3-Butadienez ; N-Butyl-N-(4-hydroxybutyl)nitrosamine; Cadmium chloride;
2-Chloro-1,1,1-tri uoroethane; 1,1-Dichloro-1- uoroethane; Hydrochloro uorocarbon 123; Methyl tert-butyl etherz ; Methyl clofenapatez ; Metronidazolez ;
N-Nitrosodimethylaminez ; Oxolinic acidy ; SDZ 200-110; 1,1,1,2-Tetra uoroethaney ; Trichloroethylenez ; Trinitroglycerin; Vinyl chloridez
Hexachlorobenzenez ; Hydrazinez ; Methylthiouracil; Urethanez
3-Amino-4-ethoxyacetanilidey ; HC blue no. 1z ; tert-Butyl alcoholz ; Chlorinated paraf ns (C12 , 60% chlorine)z ; 2,4-Diaminoanisole sulfatez ;
Diethylstilbestrolz ; Doxylamine succinatez ; Ethionamidey ; Ethylene thioureaz ; 4,4 -Methylenedianiline.2HClz ; 1,5-Naphthalenediaminez ;
Nitrobenzenez ; Oxazepamy ; 4,4 -Oxydianilinez ; C.I. pigment red 3z ; Sulfamethazine; 2,3,7,8-Tetrachlorodibenzo-p-dioxinz ; 4,4 -Thiodianilinez
Acrylamide; 3-Aminotriazolez ; o-Anisidine.HClz ; Bemitradine; 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; Bromate, potassiumz ;
Chlorinated paraf ns (C12 , 60% chlorine) z ; Chloroprenez ; 2,4-Diaminoanisole sulfatez ; N,N -Diethylthioureay ; 1-Ethyl-1-nitrosourea;
Ethylene thioureaz ; 1-Ethylnitroso-3-(2-oxopropyl)-urea; Fluvastatin; Glycidolz ; Iodinated glycerolz ; Isobuteney ; Malonaldehyde, sodium saltz ;
Methimazole; 4,4 -Methylenebis(N,N-dimethyl)benzenaminez ; 4,4 -Methylenedianiline.2HClz ; Mirex, photo-; Nitrobenzenez ;
N-Nitrosobis(2-oxopropyl)amine; 4,4 -Oxydianilinez ; Propylthiouracilz ; p-Rosaniline.HClz ; 2,3,7,8-Tetrachlorodibenzo-p-dioxinz ; 4,4 -Thiodianilinez ;
Thiouracilz ; Trimethylthioureay ; Vinyl acetatez ; Zinc dimethyldithiocarbamatez
3,3 -Dichlorobenzidine; 4,4 -Methylene-bis(2-chloroaniline)
Formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolyl]hydrazidez ; N-[4-(5-Nitro-2-furyl)-2-thiazolyl]acetamide; N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamidez
2-Acetylamino uorenez ; 4-Aminodiphenyl; 2-Aminodiphenylene oxide; o-Anisidine.HClz ; 4-Chloro-4 -aminodiphenyletherz ; p-Cresidinez ;
4-Ethylsulphonylnaphthalene-1-sulfonamide; N-Hydroxy-2-acetylamino uorenez ; N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamidez ; Phenacetinz ;
Telone II, technical gradez ; Uracilz
2-Naphthylaminez
Acetaminophenz ; Allyl isothiocyanatey ; 1-Amino-2,4-dibromoanthraquinonez ; 2-Amino-4-(5-nitro-2-furyl)thiazolez ; 4-Amino-2-nitrophenoly ;
11-Aminoundecanoic acidy ; o-Anisidine.HClz ; Aristolochic acid, sodium salt (77% AAI, 21% AAII); 2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ;
C.I. disperse blue 1y ; N-Butyl-N-(4-hydroxybutyl)nitrosamine; 4-Chloro-o-phenylenediaminez ; m-Cresidiney ; p-Cresidinez ; Cyclophosphamidez ;
Diethylene glycol; Dimethylarsinic acidy ; Fosetyl Al; IQ.HCl; MeA-a -C acetatez ; Melaminey ; 2-Methoxy-3-aminodibenzofuran; 2-Naphthylaminez ;
Nitrilotriacetic acidz ; Nitrilotriacetic acid, trisodium salt, monohydratey ; N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamidez ; o-Nitroanisolez ; N-Nitroso-N-methylN-dodecylamine; N-Nitroso-N-methyl-N-tetradecylamine; N-Nitroso-N-methyldecylamine; N-Nitrosobis(2-oxopropyl)amine; Nitrosodibutylaminez ;
N-Nitrosodiphenylaminey ; o-Nitrosotoluene; N-Oxydiethylene thiocarbamyl-N-oxydiethylene sulfenamide; Phenacetinz ; Phenazone; o-Phenylphenate, sodiumy ;
o-Phenylphenoly ; Potassium bicarbonate; Purpurin; Quercetiny ; p-Quinone dioximey ; Saccharin, sodiumy ; Salicylazosulfapyridinez ; o-Toluenesulfonamide;
o-Toluidine.HClz ; Trp-P-2 acetatez ; Uracilz
N-Nitroso-ethylhydroxyethylurea
Bromoethanez ; Chloroethaney ; Dacarbazinez ; 1,2-Dichloroethanez ; Diethylstilbestrolz ; Ethylene oxidez ; Glycidolz ; (N-6)-(Methylnitroso) adenosine;
Procarbazine.HClz ; 1,2,3-Trichloropropanez ; Trimethylphosphatey ; Vinyl acetatez
Acrylamide; 1-Allyl-1-nitrosourea; 3-Amino-9-ethylcarbazole mixturez ; 1-Amyl-1-nitrosourea; Atraziney ; C.I. direct blue 15; Bromocriptine mesylatey ;
N-n-Butyl-N-nitrosourea; Calcium valproate; Captanz ; 2-Chloro-1,1,1-tri uoroethane; Dacarbazinez ; Daminozidez ; 3,3 -Dimethoxybenzidine-4,4 -diisocyanatey ;
3,3 -Dimethoxybenzidine.2HCl; Dimethylaminoethylnitrosoethylurea, nitrite salt; 1-Ethylnitroso-3-(2-hydroxyethyl)-urea; 1-Ethylnitroso-3-(2-oxopropyl)-urea;
N-Hexylnitrosourea; ICRF-159z ; Isophosphamidez ; 1,5-Naphthalenediaminez ; Nitrobenzenez ; Norlestrinz ; 4,4 -Thiodianilinez ; Vinyl acetatez
AZTz
AZTz ; N-n-Butyl-N-nitrosourea
(Continued on next page)

2,2-Bis(bromomethyl)-1,3-propanediol, technical gradez ; 1,2-Dibromoethanez ; N 2-c -Glutamyl-p-hydrazinobenzoic; acid; Glycidolz

648

59

2
32

Mouse

Monkey
Rat

Chemicals that induce tumors at each site

1,2-Dimethylhydrazine.2HCl;
Hexachlorobenzenez ; N-Nitroso-ethyl-2-oxopropylurea; N-Nitroso-ethylhydroxyethylurea; N-Nitrosooxopropylchloroethylurea; N-Nitroso-oxopropylurea; N-Nitroso-2-phenylethylurea; Vinyl chloridez
A-a -C; N -Acetyl-4-(hydroxymethyl)phenylhydrazine; 1-Acetyl-2-phenylhydrazine; Allylhydrazine.HCl; Arecoline.HCl; Azathioprine; Benzidine.2HCl;
2-Biphenylamine.HCly ; 1,3-Butadienez ; Captafolz ; Carbamyl hydrazine.HCl; 4-Chloro-4 -aminodiphenyletherz ; 1-Chloro-4-nitrobenzeney ; 5-Chloroo-toluidiney ; 4-Chloro-o-toluidine.HCly ; p-Chloroaniline.HClz ; Chloroprenez ; Cupferronz ; Dacarbazinez ; Daminozidez ; 2,4-Diaminotoluene.2HClz ;
1,2-Dibromoethanez ; Diftalone; 7,12-Dimethylbenz(a)anthracene; 1,1-Dimethylhydraziney ; 1,2-Dimethylhydrazine.2HCl; N-Ethyl-N-formylhydrazine;
Ethylhydrazine.HCl; Glu-P-1z ; Glu-P-2z ; p-Hydrazinobenzoic acid.HCl; 1 -Hydroxysafrolez ; Isoprene; MeA-a -C acetatez ; N-Methyl-N-formylhydrazine;
2-Methyl-1-nitroanthraquinonez ; Michler’s ketonez ; 5-Nitro-o-toluidiney ; Nitrofenz ; N-Nitroso-N-methylureaz ; Pentachloroanisolez ; 2,3,4,5,6Pentachlorophenol (Dowicide EC-7)y ; 2,3,4,5,6-Pentachlorophenol, technical gradez ; n-Pentylhydrazine.HCl; Phenylethylhydrazine sulfate;
Phenylhydrazine.HCl; Sterigmatocystinz ; Tetra uoroethylenez ; Toluene diisocyanate, commercial grade (2,4 (80%)-and 2,6 (20%)-)z ; o-Toluidine.HClz ;
2,4,6-Trichloroaniliney ; 2,4,5-Trimethylaniline.HClz ; 2,4,6-Trimethylaniline.HClz ; Urethanez ; Vinyl carbamate; Vinyl chloridez ; Vinyl  uoridez ;
Vinylidene chloridey ; 2,5-Xylidine.HClz
A atoxin B1y ; Urethanez
Aniline.HCly ; Azobenzeney ; Benzenez ; Clivorine; Cupferronz ; 1,2-Dibromoethanez ; 1,2-Dichloroethanez ; 4,6-Dimethyl-2-(5-nitro-2-furyl)pyrimidine;
Z-Ethyl-O,N,N-azoxyethane; Z-Ethyl-O,N,N-azoxymethane; IQ.HCl; Lasiocarpine; 4,4 -Methylene-bis(2-chloroaniline); N-[5-(5-Nitro-2-furyl)1,3,4-thiadiazol-2-yl]acetamidez ; N-Nitroso-(2-hydroxypropyl)-(2-hydroxyethyl)amine; Nitroso-1,2,3,6-tetrahydropyridine; N-Nitrosobis(2-oxopropyl)amine;
N-Nitrosodiethanolamine; N-Nitrosodiethylamine; N-Nitrosodimethylaminez ; N-Nitrosomethyl-(2-tosyloxyethyl)amine; N-Nitrosomorpholine;
N-Nitrosopyrrolidinez ; Petasitenine; Sterigmatocystinz ; Symphytine; Tetra uoroethylenez ; o-Toluidine.HClz ; Trp-P-2 acetatez ; Vinyl bromide;
Vinyl chloridez ; Vinyl  uoridez

Glycidolz ;

a
There was no reported target site in 1 species (rats or mice) for 5 chemicals with superscripts, but the chemical was evaluated by the published author as a carcinogen: aldrinz , dieldrinz , N-nitrosopyrrolidinez ; 2,3,4,5,6-pentachlorophenol
(Dowicide EC-7)y ; and urethanez .
b
Nasal cavity includes tissues of the nose, nasal turbinates, paranasal sinuses, and trachea.
c Oral cavity includes tissues of the mouth, oropharynx, pharynx, and larynx.
A chemical is listed under each organ evaluated as positive in an experiment in that species by at least 1 author. Therefore, a chemical may be listed under several target organs and every chemical listed in the table is positive in at least 1
species. In order to compare results in rats and mice, symbols follow chemicals tested in both species: a z indicates that the chemical is positive at some site in both species, and a y indicates that it was tested in both but positive in only 1.a
N
the number of chemicals with at least 1 positive test at that site in that species. Because many chemicals induce tumors at more than 1 site in a given species, many chemicals appear more than once in the table.

9

Hamster

Vascular system

N

Species

Target site

TABLE 1.—Summary of Carcinogenic Potency Database by target organ. (Continued)
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species, the reader can determine that pentachloroanisole is
the only chemical that induced adrenal tumors in both rats and
mice. The superscripts y and z apply only to results in rats and
mice; for example, hamsters are reported under adrenal gland
for urethane with the symbol z, indicating that urethane was
positive at some site in rats and mice; however, the superscript
does not indicate anything about hamsters.
R ESULTS IN RATS AND MICE
For rats and mice, Table 2 summarizes the proportion
of carcinogens that are positive at each target organ, based
on the results presented in the compendium (Table 1). In
Table 2, the target sites are ordered by how frequently the
site is positive in either rats or mice. A summary of the compendium is given under the headings “All Chemicals” for
rats ( N 526 ) and mice ( N 412 ). Additionally, for the
subset of carcinogens that have been tested in Salmonella
( N 459 ), results in each species are reported separately
for mutagens and nonmutagens. A chemical is classi ed as
mutagenic in the Salmonella assay if it was evaluated as either “mutagenic” or “weakly mutagenic” by Zeiger (17) or as
“positive” by the Gene-Tox Program (11, 14) and A. Auletta
(personal communication April 1990). This summary table
permits simple comparisons between species and between
mutagens and nonmutagens.
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All Carcinogens in Rats or Mice
Among rodent carcinogens, it is common for a chemical
to induce tumors at more than one site in a species, and this
is re ected in Table 2 where many chemicals are counted under more than one site. Multiple-site carcinogenesis is more
common in rats (52%, 247/471) than mice (45%, 171/384),
with 3 or more target sites also more common in rats (31%,
148/471 compared to 19%, 72/384 in mice). Fewer chemicals are included in the multiple-site analysis than the totals
in Table 2 because multiple-site carcinogenesis cannot be
measured for experiments that restrict histopathological examination or report data for only a couple of selected tissues.
Results are similar when experiments with restricted analyses
are included.
The liver is the most frequent target site in mice (56% ) and
rats (39% ) (Table 2). The second most common sites are the
mouse lung (28% ) and the rat mammary gland (19%). Among
the 44 carcinogens in hamsters, the most frequent sites are
stomach and liver. For the 11 carcinogens in monkeys, liver
is the most frequent target site.
Despite the wide variety of target organs in rats and mice
(Tables 1 and 2), due to (a) the frequency of multiple-site
carcinogenesis and (b) the frequency of tumorigenesis in a
few common sites like liver, most chemical carcinogens in
rats and mice can be identi ed by just the 8 most common

TABLE 2.—Frequency of target organs by mutagenicit y in Salmonella for 526 carcinogen s in rats and 412 carcinogen s in mice in the Carcinogenic Potency Database.
Chemicals evaluated as carcinogeni c in:
Rats
Target organ

Liver
Lung
Mammary gland
Kidney
Stomach
Vascular system
Hematopoietic system
Urinary bladder
Nasal cavity/turbinates
Ear/Zymbal’s gland
Esophagus
Skin
Thyroid gland
Oral cavity
Large intestine
Small intestine
Uterus
Peritoneal cavity
Pancreas
Central nervous system
Harderian gland
Clitoral/preputial gland
Testis
Adrenal gland
Subcutaneou s tissue
Ovary
Pituitary gland
Spleen
Bone
Prostate
Gall bladder
Vagina
Myocardium
Mesovarium

Mice

All chemicalsa
(N 526)b

Mutagens
(N 214)

Nonmutagens
(N 126)

All chemicalsa
(N 412)

Mutagens
(N 176)

Nonmutagens
(N 126)

206 (39%)
55 (10%)
102 (19%)
86 (16%)
85 (16%)
32 (6%)
56 (11%)
49 (9%)
43 (8%)
41 (8%)
36 (7%)
33 (6%)
33 (6%)
32 (6%)
32 (6%)
29 (6%)
26 (5%)
22 (4%)
22 (4%)
21 (4%)

84 (39%)
31 (14%)
60 (28%)
31 (14%)
45 (21%)
18 (8%)
29 (14%)
25 (12%)
19 (9%)
31 (14%)
14 (7%)
23 (11%)
14 (7%)
18 (8%)
22 (10%)
20 (9%)
11 (5%)
13 (6%)
8 (4%)
14 (7%)

40 (32%)
3 (2%)
13 (10%)
36 (29%)
10 (8%)
2 (2%)
16 (13%)
14 (11%)
6 (5%)
1
1
3 (2%)
12 (10%)
6 (5%)
1
2 (2%)
6 (5%)
5 (4%)
7 (6%)
2 (2%)

231 (56%)
116 (28%)
24 (6%)
26 (6%)
63 (15%)
59 (14%)
53 (13%)
12 (3%)
6 (1%)
3
8 (2%)
5 (1%)
18 (4%)
3
1
6 (1%)
12 (3%)
8 (2%)

92 (52%)
54 (31%)
11 (6%)
12 (7%)
34 (19%)
34 (19%)
23 (13%)
8 (5%)
6 (3%)
1
5 (3%)
4 (2%)
9 (5%)
2 (1%)

90 (71%)
23 (18%)
8 (6%)
10 (8%)
14 (11%)
11 (9%)
17 (13%)
1

4 (2%)
8 (5%)
2 (1%)

1
3 (2%)
1

21 (4%)
18 (3%)
16 (3%)
13 (2%)

16 (7%)
7 (3%)
7 (3%)
11 (5%)

4 (3%)
4 (3%)
6 (5%)
1

2 (1%)
9 (5%)
3 (2%)

1
7 (6%)
2 (2%)
2 (2%)
5 (4%)

7 (1%)
7 (1%)
5
4

2
4 (2%)
2
1

4 (3%)
2 (2%)
1
1

3
19 (5%)
11 (3%)
4
8 (2%)
4
10 (2%)
8 (2%)

2

2

2

4
1
2

3 (2%)
3 (2%)
4 (2%)
2 (1%)

1

2 (2%)
1
9 (7%)
1

5 (4%)
3 (2%)

1

a
In the CPDB, 722 chemicals are carcinogeni c in rats and/or mice, but mutagenicity in Salmonella is known for only 459 of them. The column “All chemicals” reports results for all
carcinogens in each species, whether mutagenicity results are available or not.
b%
Percentage of rat carcinogen s or mouse carcinogen s that induce tumors at the given site. Many chemicals induce tumors at more than 1 site, and these are counted at each relevant
target site. Therefore, many chemicals are counted more than once, and percentages cannot be added. For example, of 206 chemicals that induce liver tumors in rats, 126 (61%) are positive
in at least one other site in rats.
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TABLE 3.—Target organs in humans for 82 agents evaluated as human carcinogen s by the International Agency for Research on Cancer (10, 15, 16).
Target site

Anogenital
Bladder

Bone
Brain
Breast
Cervix
Cervix/vagina
Endometrium
Esophagus
Gastrointestinal tract
Hematopoietic system
Leukemia

Lymphoma
Hodgkin’s disease
Kaposi’s sarcoma
Kidney
Renal pelvis
Liver
Cholangiocarcinoma
Hepatobiliary system
Lung

Mesenchymal tumors
Nasal sinus
Nasopharynx
Paranasal sinus
Oral cavity
Larynx
Pharynx
Pancreas
Peritoneum
Pleura
Skin
Melanoma
Stomach
Testis
Thyroid

Agent, mixture or industrial process

Human papilloma virus 16
Aluminum production; 4-Aminobiphenyla ; Analgesic mixtures containing phenacetind ; Auramine manufactured ,e ;
Benzidine a ; N ,N -Bis(2-chloroethyl)-2-naphthylamine (chlornaphazine); Coal gasi cation; Coal-tar pitches;
Cyclophosphamide a ; Magenta manufactured, e ; 2-Naphthylamine a,b ; Rubber industry; Schistosoma hematobium (infection);
Tobacco smoke
Plutonium-239 and its decay product s (may contain plutonium-240 and other isotopes), as aerosols; Radium-224
and its decay products; Radium-226 and its decay products; Radium-228 and its decay products
Vinyl chloride a
Diethylstilbestrola ; Estrogens, nonsteroidala,e ; Estrogens, postmenopausa l therapyd ,e ; X-rays and c -rays
Human papilloma virus 16; Human papilloma virus 18
Diethylstilbestrola ; Estrogens, nonsteroidala,e
Estrogens, steroidala, e ; Estrogens, postmenopausa l therapyd, e ; Oral contraceptives, sequential; Tamoxifen a
Alcoholic beveragesd ; Tobacco smoke
Asbestos
Benzene a ; Boot and shoe manufactur e and repair; 1,4-Butanediol dimethanesulphonat e (Myleran)c ; Chlorambucila ;
1-(2-(Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (methyl-CCNU); Cyclophosphamide a ; Etoposide in combination
with cisplatin and bleomycin; Melphalana ; MOPP and other combined chemotherap y including alkylating agents;
Phosphorus-32 , as phosphate ; Rubber industry; Thio-tepa a ; Thorium-232 and its decay products, administered intravenously as
a colloidal dispersion of thorium-232 dioxide; Treosulfan; X-rays and c -rays
Azathioprinea ; Cyclosporinc ; Epstein-Barr virus; Human immunode ciency virus type 1 (HIV-1); Human T-cell
lymphotropic virus type I (HTLV-I); Vinyl chloridea
Epstein-Barr virus
Human immunode ciency virus type 1 (HIV-1)
Coke production
Analgesic mixtures containing phenacetin (renal pelvis/ureter)d ; Tobacco smoke
A atoxins a,b ; Alcoholic beveragesd ; Hepatitis B virus (chronic infection); Hepatitis C virus (chronic infection);
Opisthorchis viverrini (infection); Oral contraceptives , combineda,e ; Plutonium-239 and its decay products (may contain
plutonium-24 0 and other isotopes), as aerosols; Vinyl chloridea
Opisthorchis viverrini (infection)
Azathioprinea
Aluminum production; Arsenic and arsenic compound sa ; Asbestos; Beryllium and beryllium compound sc ;
Bis(chloromethyl)ether a and technical choromethy l methyl ethera ; Cadmium and cadmium compoundsa ;
Chromium (VI) compounds a ; Coal gasi cation; Coal-tar pitches; Coal-tars; Coke production; Mustard gas (sulphur mustard);
Hematite mining (underground), with exposur e to radon; Iron and steel founding; Nickel compoundsc ;
Painter (occupationa l exposure); Plutonium-239 and its decay products (may contain plutonium-24 0 and other isotopes),
as aerosols; Radon-222 and its decay products; Silica, crystalline, in the form of quartz or cristobalite from occupationa l sources;
Soots; Strong inorganic acid mists containing sulfuric acid (occupationa l exposure); Talc containing asbestiform  bers;
Thorium-232 and its decay products, administered intravenously as a colloidal dispersion of thorium-232 dioxide; Tobacco smoke;
Vinyl chloridea
Azathioprinea
Boot and shoe manufacture and repair; Furniture and cabinet making; Isopropanol manufacture (strong acid process);
Nickel compound sc ; Wood dust
Epstein-Barr virus; Salted  sh, Chinese-style
Wood dust
Alcoholic beveragesd ; Betel-quid with tobacco; Tobacco products, smokeless (chewing tobacco, oral snuff ); Tobacco smoke
Alcoholic beveragesd ; Asbestos; Mustard gas (sulphur mustard); Strong inorganic acid mists containing sulfuric acid
(occupationa l exposure); Tobacco smoke
Alcoholic beveragesd ; Mustard gas (sulphur mustard); Tobacco smoke
Tobacco smoke
Asbestos; Erionite
Asbestos; Erionite
Arsenic and arsenic compoundsa ; Azathioprinea ; Coal gasi cation; Coal-tar pitches; Coal-tars; Coke production;
8-Methoxypsoralen (methoxsalen)a plus UV radiation; Mineral oils, untreated and mildly treated; Shale-oils; Solar
radiation; Soots
Solar radiation
Helicobacter pylori (infection)
Diethylstilbestrola ; Estrogens, nonsteroidala,e
Radioiodines, short-lived isotopes, including iodine-131, from atomic reactor accidents and nuclear weapons detonation
(exposure during childhood); X-rays and c -rays

IARC has evaluated an additional 5 agents as having an overall evaluation, “carcinogeni c to humans ” but all 5 lack an IARC evaluation of “suf cient evidence” of carcinogenicit y to
humans: a -particle-emitting radionuclides , internally deposited; b -particle-emitting radionuclides , internally deposited; ethylene oxide; neutron radiation; and TCDD.
IARC has evaluated the evidence of carcinogenicit y in animals as “suf cient” for these 40 human carcinogens .
a Tissues are reported in Table 1 for rodent experiments in the CPDB.
b
Tissues reported in Table 1 for monkey experiments in the CPDB.
c
Experiments are reported in the CPDB, but none are positive.
d
For 5 chemicals, there are positive tests with target sites in the CPDB; however, for the agent or exposure circumstance evaluated by IARC as “carcinogeni c to humans” there are no
tests in the CPDB: auramine-O, estradiol, ethyl alcohol, phenacetin, and rosaniline (Magenta I).
e For 6 human carcinogen s IARC considers the evidence of carcinogenicit y in experimenta l animals as “suf cient” for some chemical constituent, but the group or exposure circumstance
is not evaluated as “suf cient” in animals: auramine manufacture ; estrogens, steroidal and nonsteroidal ; estrogens, postmenopausal therapy; magenta manufacture ; and oral contraceptives ,
combined.
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sites: liver, lung, mammary gland, stomach, vascular system,
kidney, hematopoietic system, and urinary bladder (7). Overall, 92% (354/384 ) of mouse carcinogens and 82% (388/471 )
of rat carcinogens are positive in at least one of these 8 sites.
Mutagenicity and Target Site
Mutagens compared to nonmutagens are: (a) more likely to
be carcinogenic; (b) more likely to induce tumors at multiple
target sites; and (c) more likely to be carcinogenic in 2 species
(4, 5, 8).
Since tissue distribution and pharmacokinetics would not
be expected to differ systematically between mutagens and
nonmutagens, one would not expect systematic differences
in the particular organs in which tumors are induced (8).
Results in Table 2 do not support the idea that mutagens and
nonmutagens induce tumors in different target organs. Liver
is the most common site for both mutagens and nonmutagens;
most organs are target sites for both mutagens and nonmutagens, and both mutagens and nonmutagens induce tumors in
a wide variety of sites. Moreover, the same sites tend to be the
most common sites for both: at least 81% of either mutagens
or nonmutagens are positive in each species in at least one of
the 8 most frequent target sites. We earlier compared results
for mutagens and nonmutagens in speci c tissues (18).
Target Organs of Human Carcinogens
To complement the compendium of target organs in carcinogenesis bioassays (Table 1), Table 3 reports the target
organs of carcinogenicity in humans for 82 agents that the
International Agency for Research in Cancer (IARC) evaluates as human carcinogens at a particular target site (10, 15,
16), http://www.iarc.fr/. In addition to individual chemicals
such as those reported in Table 1 for bioassays, the agents that
IARC evaluates as human carcinogens include industrial processes, therapeutic combinations, infectious agents, ionizing
radiation, and mixtures such as tobacco smoke.
In Table 3, footnotes indicate which chemicals are included in the CPDB among the 82 IARC human carcinogens with human target sites. The reader can compare
positivity and target sites in humans, rodents and monkeys for human carcinogens by searching for a chemical name in our table “Results by Chemical” on the
Web (http://potency.berkeley.edu/chemicalsummary.html) or
in our plot of the CPDB (http://potency.berkeley.edu/
database.html ).
Among the 82 human carcinogens with target sites, IARC
considers 52 to have been adequately tested in experimental animals. Agents that have not been tested adequately are
mostly exposure circumstances like the workplace, or infectious agents. Of the 52 that have been tested in animals, IARC
evaluates 12 as having “limited evidence” in animals and 40
as “suf cient evidence.” (The 40 include 6 agents for which
a chemical constituent has “suf cient evidence” even though
the group or exposure circumstance that is a human carcinogen, does not, e.g., auramine-O for auramine manufacture.)
The 40 agents with “suf cient evidence” in animals are indicated in Table 3 by a “ ”. Thus, evidence of carcinogenicity
is “suf cient” in experimental animals for only 40/82 (49%)
of human carcinogens.
Ultimately, for purposes of investigating interspecies extrapolation or the practice of risk assessment to humans from
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bioassay data, one wants to know whether the large number (many hundreds) of chemicals that have been shown to
be carcinogenic in experimental animals would also be carcinogenic in humans. This question cannot be answered by
reversing the question, that is, by asking whether the small
number of chemicals that are carcinogenic to humans are also
carcinogenic in rodent bioassays. The reason for this is that
even if most human carcinogens were carcinogenic to experimental animals, the converse does not necessarily follow, as
can be demonstrated by a simple probabilistic argument (1).
ACKNOWLEDGMENTS
We thank the hundreds of scientists who have assisted us
in developing the CPDB over the past 20 years by providing us with additional information on their experiments. We
also thank Bruce N Ames and Jerry M Rice for their helpful
advice.This work was supported by the National Institute of
Environmental Health Sciences through the University of
California, Berkeley (UCB) Center Grant ESO1896 and
through the E.O. Lawrence Berkeley National Laboratory
(LBNL) by an Interagency Agreement (YIES101901 )
with the U.S. Department of Energy (DOE) DE-AC-0376SFO0098. Work was also supported by DOE DE-AC03-76SFO0098 and by the Dean’s Of ce of the College
of Letters and Science at UCB for research in disease
prevention.
REFERENCES
1. Freedman DA, Zeisel H (1988). From mouse to man: the quantitative assessment of cancer risks. Stat Sci 3: 3 – 56.
2. Gold LS, Manley NB, Slone TH, Rohrbach L (1999). Supplement to the Carcinogenic Potency Database (CPDB): Results of animal bioassays published
in the general literature in 1993 to 1994 and by the National Toxicology
Program in 1995 to 1996. Environ Health Perspect 107(Suppl. 4): 527 – 600.
3. Gold LS, Manley NB, Slone TH, Rohrbach L (in preparation). Supplement
to the Carcinogeni c Potency Database (CPDB): Results of animal bioassays
published in the general literature in 1995 to 1996 and by the National
Toxicology Program in 1997 to 1998.
4. Gold LS, Slone TH, Ames BN (1997). Overview of analyses of the carcinogenic potency database. In: Handbook of Carcinogeni c Potency and
Genotoxicity Databases (Gold LS, Zeiger E, eds). CRC Press, Boca Raton,
FL, pp 661 – 685.
5. Gold LS, Slone TH, Ames BN (1998). What do animal cancer tests tell us
about human cancer risk? Overview of analyses of the carcinogenic potency
database. Drug Metab Rev 30: 359 – 404.
6. Gold LS, Slone TH, Ames BN, Manley NB, Gar nkel GB, Rohrbach L
(1997). Carcinogenic Potency Database. In: Handbook of Carcinogeni c Potency and Genotoxicity Databases (Gold LS, Zeiger E, eds). CRC Press,
Boca Raton, FL, pp 1 – 605.
7. Gold LS, Slone TH, Manley NB, Bernstein L (1991). Target organs in
chronic bioassays of 533 chemical carcinogens . Environ Health Perspect
93: 233 – 246.
8. Gold LS, Slone TH, Stern BR, Bernstein L (1993). Comparison of target organs of carcinogenicity for mutagenic and non-mutageni c chemicals. Mutat
Res 286: 75 – 100.
9. Haseman JK, Huff JE, Zeiger E, McConnell EE (1987). Comparative results
of 327 chemical carcinogenicity studies. Environ Health Perspect 74: 229 –
235.
10. International Agency for Research on Cancer (1971 – 2001). IARC Monographs on the Evaluation of Carcinogeni c Risk of Chemicals to Humans,
vol 1– 78, Suppl. 7. Lyon, France: IARC.
11. Kier LE, Brusick DJ, Auletta AE, Von Halle ES, Brown MM, Simmon
VF, Dunkel V, McCann J, Mortelmans K, Prival M, Rao TK, Ray V (1986).
The Salmonella typhimurium/mammalian microsomal assay: a report of the

652

GOLD ET AL

U.S. Environmental Protection Agency Gene-Tox Program. Mutat Res 168:
69 – 240.
12. National Cancer Institute (1976 – 1980). Reports of NCI Bioassays of Chemical for Possible Carcinogenicit y. Bethesda, MD: National Cancer Institute.
13. National Toxicology Program (1980 – 1998). Reports of NTP Toxicology and
Carcinogenesi s Studies of Chemcials in F344/N Rats and B6C3F1 Mice.
Research Triangle Park, NC: National Toxicology Program.
14. U.S. National Library of Medicine (2001). Gene-Tox Database;
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?GENETOX.

TOXICOLOGIC PATHOLOGY

15. Vainio H, Wilbourn J (1993). Cancer etiology: agents causally associated
with human cancer. Pharmacol Toxicol 72 (Suppl. 1): 4– 11.
16. Vainio H, Wilbourn JD, Sasco AJ, Partensky C, Gaudin N, Heseltine E, Eragne I (1995). Identi cation des facteurs canc érogènes pour
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